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ABSTRACT 


The purpose of the study was to gather information 
that could be used as a basis for evaluating the relative 
effectiveness of three mathematics programs, two "modern" 
and one "traditional,"' at the grade eight level. 

In September, 1963, the Cooperative School and 
College Ability Tests, Level Four, and the lowa Tests of 
Basic Skills, Form 1 (grade eight Arithmetic Concepts and 
Problem Solving sections) were administered to eleven 
classes of grade eight students studying Seeing Through 
Mathematics, to five classes of grade eight students 
studying Exploring Modern Mathematics, and to six classes 
of grade eight students studying Winston Mathematics. In 
istered to the same students along with a Special Math- 
ematical Understandings test that had been developed by the 
investigator. Two-way, unweighted means analyses of 
variance and covariance were carried out on the data to 
test the null hypotheses. 

It was found that, as a group, the Exploring Modern 
Mathematics students scored significantly higher on the 
Special Mathematical Understandings test than the Seeing 
Through Mathematics students did, and the Seeing Through 


Mathematics students scored significantly higher on the 
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te 
same test than the Winston Mathematics students did. The 
mean scores of all three groups of students on the Lowa 
Arithmetic Concepts test did not differ significantly. On 
the Lowa Problem Solving test, which is largely computa- 
tionally oriented, the scores obtained by the Exploring 
Modern Mathematics students and by the Winston Mathematics 
students did not differ significantly. However, as a group, 
the Seeing Through Mathematics students scored significantly 
lower than the Winston Mathematics students on the Lowa 
Problem Solving test but not significantly lower than the 


Exploring Modern Mathematics students. 
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CHAPTER I 
THE NATURE AND SIGNIFICANCE OF THE PROBLEM 
i. 2tNTRODUCTION 


Barly in the 1950's, groups of mathematics teachers, 
mathématicians, and psychologists began to produce radically 
new elementary and secondary school mathematics curricula. 
Among the more prominent and influential of these groups 
have been: the University of Illinois Committee on School 
Mathematics, organized in 19513; the Ball State Experimental 
Program, initiated in 19543; the Commission on Mathematics 
of the College Entrance Examinations Board, established 
in 1955; the University of Maryland Mathematics Project, 
organized in 1957; and the School Mathematics Study Group, 
formed in 1958!. biithe hiteraturewonef fdindss both 
Supporters for and critics of the proposals made for 
curricular reform in school mathematics by each of these 
groups. However, there is a consensus of opinion on basic 
ideas. 

For instance, critics and supporters alike express 


dissatisfaction with the results of traditional teaching 


'Bmmet D. Williams, "Comparative Study of SMSG and 
Traditional Mathematics" (unpublished Doctoral Dissertation, 
The University of Minnesota, Minneapolis, 1962), pp. 1-2. 
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of school mathematics which emphasizes rote-learned rules 
and computational skills, which fails to appreciate the 
unity in mathematics, and which does little to develop 
student enthusiasm. Traditional mathematics courses have 
been described as bags of unrelated tricks. Student 
attitudes towards mathematics in such courses have been 
found to be largely of a negative nature. There has been 
general dissatisfaction with the level of mathematical 
competence of high school graduates. 

Another universally held view is that students must 

be given not only the basic mathematical skills but also a 
deeper understanding of the basic concepts and structure of 
mathematics. Furthermore, it is felt that mathematics can 
and should be made more attractive and interesting to 
students. In this era of phenomenal technological progress 
we cannot afford to turn students away from mathematics by 
subjecting them to courses that do not convey a spirit of 
adventure and discovery and that do not effectively prepare 
them to meet society's demands. As one curricular reform 
group asserts: 

The world of today demands more mathematical 
knowledge on the part of more people than the world of 
yesterday and the world of tomorrow will make still 
greater demands. Our society leans more and more 
heavily on science and technology. The number of our 
citizens skilled in mathematics must be greatly 
increased; and understanding of the role of mathematics 


in our society is now a prerequisite for intelligent 
citizenship. Since no one can predict with certainty 
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his future profession, much less foretell which 

mathematical skills will be required in the future by 

a given profession, it is important that mathematics 

be so taught that students will be able in later life 

to learn the new mathematical skills which the future 

will surely demand of many of them.2 

While there is substantial agreement as to the 

Objectives of current school mathematics reform, there are 
conspicuous differences among the reform groups in their 
approach to and handling of mathematical ideas. Perhaps 
most noticeable of the differences among new junior high 
school mathematics programs is the degree to which 
symbolism and set notation is employed. Each program 
subscribes to the desirability of an intuitive, discovery- 
oriented approach to the development of concepts, but some 
programs seem to remain at the intuitive, non-symbolic 
level longer than others. Frequently mentioned in the 
literature is the warning that the trend toward increased 
rigour and formalism evidenced in some programs may kill 
mathematical intuition and interest, virtually sterilizing 
the subject. There is also some concern about whether or 
not increased time spent on the development of understanding 
with the attendant decreased drill time will result in 


poorer student facility with traditionally valued skills. 


Besides, one might ask whether the stated objectives of the 


“School Mathematics Study Group, Newsletter No. 4, 
March, 1960 (New Haven: Yale University, 1960), p.3. 
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mn 
new mathematics programs are actually being met. There is 
need for experimental evidence in these areas of concern, 
particularly because adaptations of the new programs are 
appearing in commercial textbook form and curriculum 
decision-making committees must be able to assess the 
effectiveness of the new texts in order to make reasonable 
choices. 

Over the past few years, the Alberta Junior High 

School Mathematics Subcommittee has thoroughly investigated 
the problem of mathematics curriculum reform. In order to 
make known its views on the subject, the Subcommittee 
produced a bulletin in which it presented its "Guidelines 
for Revised Junior High School Mathematics Curriculum."3 
These "Guidelines," prepared in April, 1962, contain 
recommendations that the junior high school mathematics 
curriculum should include: 

1. the concept of sets wherever possible, 

2. a treatment of numeration systems designed to 
give the student an understanding of the base- 
ten numeration system and an appreciation of 
the history of number development, 

3. an intuitive development of basic geometric 
relationships from the point-set approach, 

4, study of the elements, operations and laws of 
operations in the natural, rational, integral 


and real number systems, 
5. the development of problem solving ability with 


3alperta Junior High School Mathematics Subcommittee, 
Junior High School Mathematics Bulletin, April, 1963, 
pp. 20-21. (Mimeographed.) 
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> 
emphasis on a logical approach to problems, on 
the ratio or rate-pair approach, where 
applicable, on inequalities, and on graphical 
solutions, 

6. treatment of measurement and the measurement 

process, 

7. at least a brief treatment of the strategies of 

logic used in proving statements, 
8. a brief intuitive treatment of one or more of: 
permutations, combinations, probability, 
Sugtie pecs, and series, and 

9. conventional topics such as reviews of previously 
learned concepts, application of per cent to 
interest, merchandising, etc., and statistical 
graphs. 

The Subcommittee has singled out two new commercial 
textbook series that more or less fulfill the expectations 
for a junior high school mathematics curriculum expressed 
in the "Guidelines." Out of this situation grew the need 


for the study outlined on the succeeding pages. 
II. THE PROBLEM 


Do students using the new commercial textbooks 
develop more understanding of the mathematical ideas under- 
lying the course content than those students studying the 
conventional text? How do students studying the new 
commercial textbook materials compare with students studying 
the traditional, currently authorized textbook materials 
with respect to achievement as measured by a conventional 
mathematics test? Do groups of students studying the two 
new commercial textbooks differ from one another with 


respect to achievement on a conventional mathematics test 
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6 
or with respect to demonstrable mathematical understandings? 
The investigation presently being reported was an attempt to 
gather objective evidence that might shed some light on the 


answers to these questions. 


Delimitation of the Problem 

Since classes and teachers that were using the new 
mathematics text materials at the grade eight level were 
readily accessible during the 1963-64 school term, the 
study was particularly concerned with that grade level in 
pursuing answers to the questions posed above. The new 
commercial text materials involved in the study were Books 1 


and 2 of Seeing Through Wavenat ts 4 (referred to herein- 


after as STM), Books 1 and 2 of Exploring Modern Mathematics? 


(referred to hereinafter as EMM), and Winston Mathematics, 
Intermediate 1 and Intermediate 2° (referred to hereinafter 


as CON for conventional text or control group). 


geen Van Engen and others, Seeing Through Mathe- 
matics, Book 1 (Canadian edition; Toronto: W. J. Gage 
Limited, [n.d.], 2 parts; and Henry Van Engen and others, 
Seeing Through Mathematics, Book 2 (Chicago: Scott, Fores- 
man and Company, 1962), 2 parts. 


Mervin L. Keedy, Richard E. Jameson, and Patricia 
L. Johnson, Exploring Modern Mathematics, Book 1 (New York: 
Holt, Rinehart and Winston, Inc., 1963); and Mervin L. 
Keedy, Richard E. Jameson, and Patricia L. Johnson, 
Exploring Modern Mathematics, Book 2 (New York: Holt, 
Rinehart and Winston, Inc., 1963). 


6 


H. L. Stein and others, Winston Mathematics, Inter- 
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Null Hypotheses 
The major null hypotheses tested were: 


1. On a special mathematical understandings test, 
there are no significant differences 
a) among the group mean scores obtained by STM, 
EMM, and CON students, 
b) among scholastic ability level mean scores. 
2. On a conventional, standardized test of arith- 
metic concepts, there are no significant 
differences 
a) among the group mean scores obtained by STM, 
EMM, and CON students, 
b) among scholastic ability level mean scores. 
3. On a conventional, standardized test of arithmetic 
problem solving, there are no significant 
differences 
a) among the group mean scores obtained by STM, 
EMM, and CON students, 
b) among scholastic ability level mean scores. 


III. SIGNIFICANCE OF THE PROBLEM 


Nelson struck. at the heart of the problem when he 
wrote". Jo. it vis one thing to proclaim the importance of 
understanding and quite another to produce it in the class- 
room."/ The authors of new text materials may have set out 
to achieve the most acceptable goals in teaching for under- 


standing, but it is merely a matter of conjecture whether or 


mediate 1 (Toronto: The John C. Winston Company, Limited, 
1954, 1957); and H. L. Stein and others, Winston Mathe- 
matics, Intermediate 2 (Toronto: The John C. Winston 
Company, Limited, 1954, 1957). 


“L. Doyal Nelson, "Relation of Textbook Difficulty 
to Mathematics Achievement in Junior High School" 
(unpublished Doctoral Dissertation, The University of 
Minnesota, Minneapolis, 1962), p. 3. 
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not they have achieved some measure of success until 
Supporting experimental evidence is made available. We are 
fairly certain that the use of conventional (traditional) 
text materials does not generally lead to the development 

of desired student mathematical understandings, but is there 
experimental evidence to support this feeling? Do the new 
text materials help teachers to lead students toward any 
better or any more mathematical understandings? Since these 
are questions which must be considered before school 
authorities will be willing to accept the new materials on 

a very large scale and since the incorporation of better 
teaching materials into the mathematics curriculum is 
probably one of the most pressing needs in school mathe- 
matics, a major portion of the study presently being 
reported was devoted to attempts to provide some answers to 
these questions. 

There is also natural concern about whether the 
decreased emphasis on "social arithmetic" and computational 
drill in the new programs will result in any significant 
losses in a student's ability to use his mathematics in 
social problems or in accurate computation. A portion of 
the study was devoted to consideration of these factors. 

There is evidence in the literature of increasing 
awareness that experimental studies are needed to supplement 


the usual bases for making curricular decisions (e.g., text- 
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book examination, teacher opinion, and conjecture). Realiz- 
ing that the drive to improve school mathematics is progress- 
ing rapidly and that the pressure on groups that must make 
decisions regarding the new programs available is becoming 
more intense, the need for experimental studies in this area 


can hardly be overstated. 
IV. EXPERIMENTAL SETTING 


In the 1962-63 school term, the Alberta Junior High 
School Mathematics Subcommittee arranged to have a number 
of teachers in the province use STM, Book 1 and EMM, Book 1 
with their grade seven classes. Several classes using the 
conventional text, Winston Mathematics, Intermediate 1, 
were chosen to function as a control group. In early 
October, 1962, and again in May, 1963, the Cooperative 
School and College Ability Test (SCAT), Level Four, and the 
grade seven mathematics section of the Sequential Tests of 
Educational Progress (STEP) were administered to all students 
involved in the experiment. Besides, a test constructed by 
the Subcommittee and designed to test student understanding 
of STM and EMM course content was administered to the 
students in all three instructional groups in May, 1963. 
The results of that study are summarized in Chapter II of 
this report. 


The majority of the students involved in the 1962-63 
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grade seven experiment were also involved in the 1963-64 
grade eight experiment. However, it was not possible to 
combine the two studies because the data for individual 
students collected in the 1962-63 study were no longer 
available when the 1963-64 study commenced. Furthermore, 
because school timetables could not be arranged so that two 
of the control classes could remain intact for another tern, 
these classes were replaced before the September, 1963 
testing. Also, two STM classes were added to the experiment 
in September. Since the Subcommittee was dissatisfied with 
the characteristics of forms A and B of the STEP test, 
arithmetic sections from the lowa Tests of Basic Skills were 
chosen for use in the 1963-64 study in place of the STEP 
test. Considering these factors, it was decided to treat 
the 1963-64 study as being independent from the 1962-63 
study. 

Twenty-two classes of grade eight mathematics 
students, from various Alberta towns and cities, partici- 
pated in the 1963-64 experiment. Eleven of these classes 
studied parts of STM, Books 1 and 2, and five classes 
studied parts of EMM, Books 1 and 2. The remaining six 
classes studied the currently authorized textbook, Winston 
Mathematics, Intermediate 2. 

At the beginning of the experiment, in late Septem- 


ber, the Cooperative School and College Ability Test (SCAT), 
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Level Four, and the grade eight Arithmetic Concepts and 
and Problem Solving sections of the Iowa Tests of Basic 
Skills were administered to all participating pupils. In 
early March, 1964, the Iowa Tests of Basic Skills were 
re-administered to all participating pupils. Furthermore, 
a special test, prepared by the investigator and designed 
to measure the types of mathematical understandings 
currently considered desirable at the grade eight level, 
was administered to all students in early March. 

The findings of the experiment are based upon 


statistical analyses of the data gathered from the testing. 
V. DEFINITION OF TERMS 


In general, the meaning of each of the following 
terms and abbreviated forms of reference is indicated where 
it is first usddrintthehreport, buts forvleasy reference, 
the following list is presented at this point. 

AC refers to the "Arithmetic Concepts" section of the 

AV refers to the average ability group as defined 
below for the purposes of this experiment. 

Average ability group (or level) refers to those 
students involved in the experiment who had a SCAT Total 
score of 82 or less. 


CON refers to the group of students in the experi- 
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ment who studied Winston Mathematics text materials. 


COOP refers to the Cooperative (Mathematics) Tests. 


DAT refers to the Differential Aptitude Tests. 

EMM refers to the Exploring Modern Mathematics texts 
or the group of students studying them. 

ETS is used in reference to the Educational Testing 
Service. 

HAV refers to the high-average ability group defined 
below. 

HI refers to the high ability group defined below. 

High ability group refers to those students in the 
experiment who obtained SCAT Total scores of 96 or above. 

High-average ability group refers to those students 
who obtained SCAT Total scores greater than 82 and less than 
96. 

IQWA refers to the Iowa Tests of Basic Skills. 

"Modern" refers to school mathematics materials that 
convey the spirit and recommendations of contemporary 
mathematics curricular reform groups. 

New school mathematics is used interchangeably with 
"modern" school mathematics. 

PS refers to the "Problem Solving" section of the 
iowa Tests of Basic Skills. 

Q refers to the quantitative ability subtest of the 
SCAT test. 


gt 
-eletretam xed gottemedteM ao 
.aitesT (2otvemedteM) Z,_! 
-2desl sbutisoh Istinesetahd elt os et 
atxet gotvemeriteM mzeboM raconlll ont ote 
merit gniybute ¢ A 
gaiteoT Lenotteouba eit of sonetetes Pon 


°) —=2 


benfted quota wilids egeteve-dgin eid oF gietet wwe, a . 
a Gi  swodted 

“= 4 

,woled bonitss quots yilids detd ert od eaeteegp> = - 

i 

eit nt etnobate seont oJ etteTot quote vtlide det <P : 7 

sevods to 2@ to eemooe Lado? PANE ssp ae ae 

etnebude seodd ot aietet quots. panera! ae 


aedd eeal buns S& nedt r9tse1n estooe Isso? * 


(eos Ce r 
alike dine te: aitigh REE om Oe a | 


yretoanedhos ‘to ena Stabapieie is 
-aqotg M0TS% setontva 


nitiw yidesgasnotetal been ef 


orld to noivoes "gntvsoe me ide qr 


edit to teotdue wenetue axtsagin 


13 

SCAT refers to the Cooperative School and College 
Ability Test. 

SMSG refers to the School Mathematics Study Group. 

SMU refers to the Special Mathematical Understandings 
test devised by the investigator. 

STEP refers to the Sequential Tests of Educational 
Progress. 

STM refers to the Seeing Through Mathematics text 
materials or the group of students studying them. 

Traditional school mathematics is used to refer to 
the approach to the teaching of school mathematics that has 
not emphasized the structure of the subject and has relied 
largely on the teaching of rules. 

UMMaP refers to the University of Maryland Mathe- 
matics Project. 

V refers to the verbal ability subtest of the SCAT 
test. 


WRA refers to the Wide Range Achievement Test. 
Vi, OUTLINE OF THE REPORT 


The present chapter is an introduction to and 
preview of the study. Chapter II consists of a review of 
the literature that has a bearing on the study being 
reported. Chapter III includes a detailed description of 


the design of the experiment and the statistical procedures 
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14 
used in analyzing the data. The results from the statis- 
tical analyses are presented in Chapter IV. Chapter V is 
devoted to a summary of the investigation along with 
conclusions, limitations, and implications for further 


research. 
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CHAPTER II 
REVIEW OF THR LITERATURE 
Inet DNTRODUCT LON 


In the past decade there has developed what has 
been called qa "revolution" in school mathematics. To 
convey some idea of the nature, objectives, criticisms, 
and present state of this revolution in mathematics 
education, the first part of the present chapter is devoted 
to a review of views expressed by writers in the field of 
mathematics education from January, 1959 to the present. 
It is in such a climate that the present deliberations on 
curricular change in the province of Alberta must proceed. 

The second part of the chapter is devoted to a 
review of research studies considered particularly relevant 
to the investigation presently being reported. 

The sources of information for the reviews in this 


chapter were: (1) the Education Index (1959-1964), 


(2) mathematics education periodicals and newsletters (1959- 
1964), (3) published reviews of research in mathematics 


(1954-1964), and (4) unpublished doctoral dissertations. 
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If. REVIEW OF CURRENT VIEWS ON SCHOOL MATHEMATICS 


The Case for Reform 


The Commission on Mathematics of the United States 
College Entrance Examination Board has attempted to summarize 
current views on school mathematics as traditionally taught. 


There is abundant evidence of public dissatisfaction 
with mathematics programs, curricula, and instruction. 
Many writers have claimed that the general quality of 
mathematics teaching is in need of improvement, and 
that the level of mathematical competence of American 
high school graduates is low. Colleges complain that 
entering freshmen are poorly prepared in mathematics. 
The requirements in mathematics for high school gradua- 
tion in many states are exceedingly limited. It is 
alleged that too small a percentage of high school 
students is enrolled in mathematics courses, and that 
many students dislike mathematics. Complaints such as 
these became very widespread after the launching of the 
fanstnéarth satellites 


A college mathematician has said that mathematics, 
commonly presented without motivation as a series of 
techniques, processes, and theorems, is isolated from all 
other bodies of knowledge and human interest so that it 
seems of little value except as preparation to proceed 
through more unattractive material.“ Begle has remarked 


that, in the present secondary school mathematics curric- 


‘Commission on Mathematics, Program for College 
Preparatory Mathematics (New York: College Entrance Exam- 
ination Board, 1959), pp. 6-7. 


“Morris Kline, "Reform in the Mathematics Curriculum," 
Education Digest, 24:36, February, 1959. 
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ulum, students are taught skills by rote and no attempt 

is made to relate the skills as a unit .> According to 
Beberman, students taught efficient methods for manipulating 
Symbols, without being given sufficient experience to 
become aware of the abstractions denoted by the symbols, 
perform well on tests which require them to demonstrate the 
skills in familiar settings, but the same students are at a 
loss when the familiar skill is hidden in a new situation 

or when some time has elapsed since the skill was mee 
In a research study cited by Brown and Kinsella, it was 
found that, for grade twelve students, "getting an accept- 
able answer was the primary concern; understanding the 
problem and its solution was secondary. Thus, there was a 
tendency to grasp at superficial clues and to employ learned 
methods of solution hastily and batraditcaliueh? Another 
reviewer has cited several studies that tended to support 
the claim that students hold predominantly negative atti- 


tudes towards mathematics as it has been traditionally 


3"Revolution in Math," Overview, 1:57, July, 1960. 


Max Beberman, "Improving High School Mathematics 
Teaching," Educational Leadership, 17:164, December, 1959. 


*Keoneth E. Brown and John J. Kinsella, Analysis of 
Research in the Teaching of Mathematics, 1957 and 1958, 
United States Department of Health, Education and Welfare, 
Bulletin 1960, No. 8 (Washington: United States Government 
Printingeopeicesd 19609 9) ps , 33% 
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taught in the sthoolee? It could be inferred from the 
preceding observations that, in general, traditional school 
mathematics programs have not been very successful. 

With specific reference to the grade seven and eight 
levels, one writer stated that "the usual curriculum for 
these grades, it is felt, is boring to the good student and 
frustrating to the weak one. The usual subject matter in 
these grades iS poor preparation for later courses." In 
a review of research studies it was reported that over 
three-quarters of nearly 400 seventh and eighth grade 
pupils in a large city scored less than 50 per cent on a 
test of arithmetic Renee neces It would appear that the 
junior high school situation is no better than that in high 
SCHoOoLk 

The case for reform seems strong enough merely on 
the basis that traditional programs have apparently been 


unable to achieve their own limited objectives, but one 


SRosalind L. Feierabend, "Review of Research on 
Psychological Problems in Mathematics Education," Research 
Problems in Mathematics Education, United States Department 
of Health, Education and Welfare, OE-12008; Cooperative 
Research, Monograph No. 3 (Washington: United States 
Government Printing Office, 1960), p. 19. 


“Raward G. Begle, "The School Mathematics Study 
Group," National Association of Secondary School Principals 
Bulletin, 43:28, May, 1959. 


RP tow BndeKinseila, op. cit., p. Ic. 
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19 
must also take into account the pressure of the advance of 
human knowledge. "The subject matter of mathematics is 
constantly growing," wrote Brown, in 1954, "not only in the 
area of advanced mathematics, but also in the area of 
elementary mathematics ."7 Others have warned that society 
is in the midst of a technological upsurge and many new 
applications of mathematics to practical uses are being 
found. There is a need to articulate changes down from the 
universities into the high school, junior high school and 
elementary school. |? 

If it is accepted that the traditional manner of 
teaching mathematics has been and will continue to be 
inadequate, then ways of teaching the subject must be found 
that are more effective. This leads to a consideration of 


new or "modern" mathematics programs. 


r "Modern" Mathematics Programs 


New 
The term "modern" mathematics is widely used, but, 
since it has caused misunderstandings, it is avoided by 


many writers. Some writers have tried to outline what the 


7Kenneth E. Brown, "Improved Programs in Mathematics 
Require Inservice Education for Teachers," The Mathematics 
Teacher, 54:86, February, 1961. 


‘Oban T. Dawson, and William F. McClintock, "The 
Revolution in Mathematics," National Elementary Principal, 
43:15-16, September, 1963. 
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20 
term "modern" mathematics implies when used in reference to 
school mathematics. 

One description of "modern" mathematics programs 

follows: 

There is concern with equalities, inequalities, set 
vocabulary, basic laws, properties of number, factors 
and primes, systems of enumeration, number line, Venn 
diagrams, etc. The stress on precision in vicabulary 
Lsic] seems to run through each of these programs or 
experiments. Discovery is emphasized to lead the pupil 
to a more thorough understanding. If he finds out for 
himself the why'’s of mathematics he certainly will have 
a better command of the subject and will be more likely 
to arrive at conclusions as a result of analysis and 
reason. All of these factors. seem to have a bearin 
on any program that calls itself modern mathematics. 

The head of a state teacher's college describes 

modern mathematics as: a careful reorganization of the 
Subject matter of school mathematics into a logical, 
integrated sequences; the selection of appropriate language 
for precision and clarity of expression; more appropriate 
placement of meaningful drill on the basis of new knowledge 
about how pupils learn; a "point of view, an approach to the 


teaching of mathematics as an integrated structure"; a striv- 


ing by imaginative teachers to teach for pupil discovery. 


ae B. Fisher, "How Curriculum Builders View New 
Mathematics Ideas," School Science and Mathematics, 64:33, 
January, 1964. 


1eR oss A. Nielsen, "Evaluating the Secondary Mathe- 
matics Program," The North Central Association Quarterly, 
38:249-250, Winter, 1964. 
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21 
According to one writer, modern mathematics does 
not mean abandonment of all or even much of what has been 
previously taught nor does it necessarily mean introduction 
of radically new mathematics materials. !~ 
So far, the spirit of "modern" school mathematics, 


in general, is fairly apparent, but how well do specific 


curricular recommendations reflect this spirit? 


Experimental Programs for the Seventh and Highth 
Grades. The authors of the Ball State Experimental Program, 
begun in 1954, have stated that their primary objective is 
"to lay a foundation for the continuing study of mathematics," 
not to teach cheque writing, meter-reading or the making 
and interpreting of bar and circle ehabneg 6 The topics 
treated in the eighth grade course include: the role of 
symbolism in mathematics, student discovery of the fundamen- 
tal laws of arithmetic, a little elementary number theory 
with informal proofs, intuitive treatment of ratio and 


proportion situations, rational numbers, irrational numbers 


as infinite decimals, set concepts that are found useful 


'3Phillip S. Jones, "The Mathematics Teacher's 
Dilemma," Education Digest, 24:37, May, 1959. 


“4charles Brumfiel, Robert Eicholz, and Merrill 
Shanks, "The Ball State Experimental Program," Ihe Mathe- 
matics Teacher, 53:76, February, 1960. 
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22 
in the discussion of the solution of equations and 
inequalities, sentences in one and two variables, sets of 
ordered pairs, negative numbers, signed rational numbers, 
applications and word problems. |? According to the authors, 
the material is concept-centered rather than symbol- 
centered. l® 

The University of Maryland Mathematics Project 
caMMe Ramee hy dnathesfalleof 195Z25chasiproduced text 
materials for seventh and eighth grade mathematics. The 
directors have reported that the concept of a mathematical 
system is at the core of UMMaP courses. Students are given 
opportunities "to recognize that the number systems we use 
are structured like any mathematical system, regardless of 
the nature of its elements." |? An attempt has been made in 
UMMaP to improve and streamline vocabulary and usage of 
terms to increase precision and clarity of expression. 
Mathematics is presented as a tepeuadaey” Keedy has said 
that: 


The primary goal of the project has been to determine 


l2Ipid., pp. 76#77. 
aca ase p. 4+. 


'7Helen L. Garstens, M. L. Keedy, and John R. Mayor, 
"University of Maryland Mathematics Project," Arithmetic 
Teacher, 7:63, February, 1960. 
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a3 
maturity levels at which certain mathematical concepts 
can be appropriately taught, and to prepare course 
materials for a teaching sequence in grades seven and 
eight that is mathematically and psychologically sound, 
and appropriate to modern-day needs. 

The UMMaP program makes no artificial distinction 
between algebra and arithmetic. The program attempts to 
have the student understand mathematics rather than simply 
learn by rote a variety of mathematical skills .<° Discovery, 
both inductive and deductive, is emphasized, and students 
are led to very informal--but gradually more and more 
formal--deductive reasoning.“! 

The School Mathematics Study Group (SMSG), formed in 
1958, advocates and is attempting to produce an improved 
mathematics curriculum that would offer students a deeper 
understanding of the basic concepts and structure of mathe- 
matics and that would attract and train more of those 
students capable of studying mathematics with profit.~* 

The SMSG believes that greater substance and interest 


should be given to the mathematics of grade seven and eight, 


tneludines"Resoemancoundeintuitivecbasisefor themalgebra 


19y, L. Keedy, "Mathematics in Junior High School," 
Educational Leadership, 17:157, December, 1959. 


ih als pp. 158-159. 
SUT pies pe 159. 


2 School Mathematics Study Group, Newsletter No. 6, 
March, 1961, (New Haven: Yale University, 1961), pp. 3-4. 
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24 
and geometry courses to follow ."*3 Wagner wrote the 
following statement about the SMSG materials: 


Emphasized in the texts for junior high school are 
the following important ideas of junior high school 
mathematics: structure of arithmetic from an algebraic 
viewpoint; the real number system as a progressing 
development; and metric and non-metric relations in 
geometry. These ideas are constantly associated with 
their applications. Time is given to the topics of 
measurement and elementary statistics. Careful 
attention is paid to the appreciation of abstract 
concepts, the role of definition, development of 
precise vocabulary and thought, experimentation, and 
proof. Materials are chosen with the intent to cap- 
ture the fascinating features of mathematics, creation 
and discovery, rather than just utility alone.24 


The materials of the curriculum reform group appear 
to not only follow the spirit of "modern" mathematics out- 
lined in the previous section, but they give depth and 
substance to that spirit. The Commission on Mathematics, 
though not really engaged in the production of mathematics 
text materials, has been very influential in guiding prog- 
Fess in curricular reform. The next section outlines the 


Commission's recommendations for grades seven and eight. 
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Even though the primary concern of the Commission on 


Mathematics of the College Entrance Examination Board is 
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2" Tohn Wagner, "The Objectives and Activities of the 
School Mathematics Study Group," The Mathematics Teacher, 
53:455, October, 1960. 
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25 
for the mathematics of grade nine and above, it did state 
in 1959 that certain subject matter is essential in grades 
seven and eight to give students the proper foundation for 
the Commission's program for grades nine to twelve. In- 
cluded in its recommendations were the study of fundamental 
operations, numeration, and ratio in arithmetic. In these 
areas, students should be led to master the four fundamental 
arithmetic operations, to understand systems of numeration 
with place value, to use binary and other notations to 
strengthen their understanding of decimal notation, to have 
a knowledge of the arithmetic mean and square root, and to 
understand ratios as used in comparing quantities of like 
kind, in proportion, in per cent, and in making scale draw- 
ings. With regard to measurement, students should be able 
to operate with and transform the several systems of 
measure, to make geometric measurements, to distinguish 
between the process of measuring and the measure of a 
quantity, to apply measurement to practical situations, to 
make scale drawings, and to find length indirectly. Grade 
seven and eight students should be aware of relationships 
among geometric elements such as lines, angles, and tri- 
angles and of the ideas of symmetry about a point or a line. 
Students should be able to use line segments and areas to 
represent numbers and to read and construct graphs. They 


should be introduced to algebraic concepts such as the use 


es | 
e¢ete Sib ct ,eveds bas eatin obstg to aokts 


pebsets at Istinsees ot nepstem tosidve abetiss te 
not noi¢sbawot tsqo1q sit atnobute ovig oF am 

«nl .oviews ot entn sobetg, 104 meagan 
Letnemebaut To vbuse eit stew enotishaommoosn 
eeont nl .ottemitiae al otter bone oberon « 


Pad 
Istnemebnst wot eid r9tesm od bef ed biuode 


nottsiomin to emetdeye bnetersbay oF not saute 


ot enotiston vedio bane yienid sen ot amen 


.? 


even o¢ .notteton Isutosb to gaitinsterebay shed rer: 
ot fase .toor steupe bns asom otyemisy ite ont ed 
: ae 

suk te settistnanp gotveqmoo at been 26 eotien bas. 


ee 


=weib sisoz gatdam at Bas ~Ineo tog al nolttog 
aide ed bivode etnebusge ,tnemo1sesem oF te 


Yo emoteye [etsvee ont mrotensis ec af 


ae 
deingatsere ot ,ednemeiverem ofisomosg ¢ ae 
: " ca —€ 4 


s to stuepem sit bos goiwesem to ceeds he 


ie os 
ot ,enotiautte Isofiosiq oF Snetiseiversm «fags it 
shen) .yftyettbnt A¢gnef bal? of bas eye ss 
nqLARRER EOS to staws ed biviode smote 


tat .bne  pefsne ~sonil 26 owe at 12m i Py 

,entt a to tniog & tuoda YiItsmmye to. hig € ads. | 
a 

ot zeete -bne schon cata i ot 8 elds is 


yeiT .edqe1g touagenoa bas ac ot bas 
ad be.’ 

eau orld 28 dove edgesno9 obetds gis of be 
v LT ? fic : x 7, - 


26 
of placeholders and the concept of a variable as used in 
Simple expressions and sentences.~° 

The views of a number of writers not directly 
associated with the groups advocating curricular reform, but 
who have made some pointed recommendations, are presented in 
the next section to round out the consideration of the - 


nature of current recommendations concerning the teaching 


of mathematics. 


The Recommendations of Various Writers. Nielsen has 
said that mathematics must be taught: as a cohesive 
structure; as a logical system built on basic principles, 
properties, and definitions; and with emphasis on mathe- 
matical thinking and logical reasoning. Subjects and topics 
typically taught as though they were unrelated must be 
unified. Students must be led to understand basic prin- 
ciples, logical structure and generalized computational 
procedures so that they will be able to cope with future 
problems which can't be imagined today. He has also said 
that the basic concepts, generalizations and skills are the 
same for slow and gifted students alike, pointing. out the 


universality of "good mathematics ."<° 


2*commission on Mathematics, Program for College 
Preparatory Mathematics (New York: College Entrance Exam- 
ination Board, 1959), pp. 18-20. 
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Isaacs, in reporting on Piaget's work, has maintained 
that the unity of arithmetic and mathematics with the rest 
of one's intellectual lifé and growth can only be preserved 
if children are led at an early age to form their own inward 
structure of number ideas and if the later rule-learning, 
operation-learning, and the like, become living grafts on 
that inward structure, successfully developing as a further 
stage of the inward growth. He has asked if we can learn 
to carry most children in full understanding and lively 
interest as we lead them to explore the world of numbers .°/ 

Johnson, recognizing the uncertainty of what math- 
ematics our students will need in the future, has said, in 
part, "that the mathematics taught should emphasize flex- 
ibility, procedures, broad principles, and structures 
rather than minor facts and skills. It should provide 
experiences in applying concepts and skills, as well as 
present the aesthetic aspects of mathematics. It should 
provide experiences that develop good learning habits, as 


well as a desire to Tsetrantiee 


ematics Program," The North Central Association Quarterly, 
38:250-251, Winter, 1964. 


@7Nathan Isaacs, New Light on Children's Ideas of 
pamper » The Work of Professor Piaget (London: Spottiswoode, 
allantyne, GHdNCio.i Ttd.yidg60)s, pir 38. 


28 Gnowalt A. Johnson, "Evaluating a School Mathematics 
Curriculum,". School and Society, 90:424, December, 1962. 
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With the emergence of improved curricular materials 
and recommendations of the nature outlined in the preceding 
paragraphs, one would expect a variety of reactions from 
various quarters of the educational realm. The following 
section contains a sampling of the reactions that have been 


expressed. 


Reactions to Current Curricular Recommendations 


Reactions to Excessive Formalism. The literature 
contains numerous articles warning against the trend towards 
excessive rigour and formalism in some of the new text 
materials. However, no specific charges against specific 
sets of materials were found. Nevertheless, recognizing 
that an overly formalistic "modern" program could be built 
that would be just as undesirable as any traditional program 
with respect to rote learning, the investigator has included 
in the following paragraphs some of the warnings that have 
been expressed regarding pitfalls in the excessive use of 
formalism in school mathematics. 

The noted psychologist, Bruner, made his point as 
follows: 

It is good that a student know how to check the 

conjecture that 8x is equivalent to the expression 

3x + 5x by such a rigorous statement as the following: 
"By the commutative principle for multiplication, for 
every x, 3x + 5x = x3 + x5. By the distributive 


principle, for every x, x3 + x5 = x(3 + 5). Again by 
the commutative principle, for every x, x(3 + 5) = 


2 2 
res 
em tainoitio bevorqmt to sonegteme ont dottW 


re | , 


eleticos 


mt) es, 
a 
’ TY OD! 


at bentigvo ewitsn edd To eno ttabne ; 


gnibese sq ond | 
mort enoitose? to yelirsy 6 Sosqxe bLuow SMa »¢: a és 


gniwolfot eit .misst. [snotteovbe ent To etiedasup ® 


néed eved tedd anoltoss2 edy ‘Ic gatiqmse s HepENG 


5 : 
geottsbaommoos asiuo tii soem) of § aa coral 7 


emdsretif eT .getiemot aviseeoxd oe eogitossh 
ehrswot pasat edd tantegs gninasw aelotoae 2u01emun anteda re 
teeg wen eit to emoe at metismtod Soe akegee” oe 


~~ ~ 


= 


stttoeqe jentsss ssgtedo oltioage on .TevewoH — al 


_ 


gnisiagosse: ,zesiodsitevell . bayot etow efeiretem to eter 

. As oo _ 
+ftud ed pluoo meisoty “"niobom" obsetlemaoe yiteve as desde 
oat 


meigoig [snottibe1d yas 28 sideiesbas 286 test, ed-Bine 


obi fx setl 1o¢sgitesvat oft .gatnieel soto oe 

b i. oof ai & t J ras ise it ateter 
eved tent agninssw sat to smoe engstgeteg snitwo 
%o get .evieeeoxs sat nt elistdig enibwsget. nes 


eottamsadsm Loodse ak 1 


2s intog 2atd obem ,tenu1d  tetyofodoyeq Beapa ee 
= a 


sit aoesdo o¢ wod wond Snhebive 6. 
hoteesiqKs eit ot tneflevisips at 
:gatwolfot ond. ee tnemetste 2009 
"ol ,noitsotlatt iim te? siqient 21 
evidudtaterh end LASS << te Mee 

xd aden. ahG.F £)% = Rei: ats x v" oe 
ic # Pix ox vaisys 10% 5 rend tug? ovid 


ay 
Veer 5)x GrPoxYOuSs, “for%everyexpr3xoe Faesy8x ta tBut 
it is hopeless if the student gets the idea that this 
and this only is really arithmetic or algebra or "math" 
and that other ways of proceeding are really for non- 


mathematical slobs. Therefore, "mathematics is not for 
mes: 


Lwould. suggest, then,. that,it.is.important to allow 
the child to use his natural and intuitive ways of 
thinking, indeed to encourage him to do so, and to 
favour him when he does well .29 

While conceding that teachers will probably be more 

enthusiastic in their teaching if they are told the new 
programs are the key to understanding all mathematics, one 
writer has expressed the opinion that set theory, questions 
of the nature of number, excessive rigour, and formal logic 
(as distinguished from logic in action) are not worth 
teaching because they are divorced from the mainstream of 
scientific progress and activity. In his view, better 
teaching of traditional mathematics would be more useful .2° 

Granting that the new mathematics programs are 

designed to challenge the intellect, to suit contemporary 
mathematical thought, and to develop meaning to a much 


greater extent than programs of twenty years ago, Fehr has 


shown concern over the amount of formalism and symbolism 


-? 5 erome S. Bruner, "On Learning Mathematics," The 
Mathematics Teacher, 53:615, December, 1960. 


30R | J. Diamond, "A Commentary Inspired by the New 
Mathematics Programs," School Science and Mathematics, 
63:663, November, 1963. 
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30 
presented to very young children, over the hasty creation 
of specialized teaching materials, and over the rush of 
administrators, supervisors and teachers to jump on the 
"new mathematics" bandwagon. He has said that: elementary 
and secondary school education is intended for all- 
encompassing intellectual development of the child, 
regardless of his eventual place in life, and it is not 
aimed directly or solely at producing future mathemati- 


31 


cians. Mathematics as a study of formal structure does 
not make sense unless one has an abundance of experience in 
developing and applying basic concepts. The formalistic- 
axiomatic study of mathematics does not provide a medium in 
which freedom of mind and spirit of adventure can be 
developed.>° If we were to stop viewing mathematics as a 
", . . sacrosanct monument having eternally true hypotheses 
and theorems arranged in immutable order .. ." and place 
emphasis on discovery and creative ability, mathematics 
instruction would flourish and pupils could not be shunted 
away from the subject. 

Piaget contends that "when adults try to impose 


3'Howard F. Fehr, "Modern Mathematics and Good 
Pedagogy," Arithmetic Teacher, 10:402, November, 1963. 


3*Ipid., p. 404. 
33Ipid., p. 405. 
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31 
mathematical concepts on a child prematurely, his learning 
is merely verbal; true understanding of them comes only 
with his mental pape gg ee: He views the effective teacher 
as one who aids the child's natural development of math- 
ematical concepts by supplying a rich environment for 
discovery. 

Supposing that textbook materials can be found that 
are not excessively formalistic, how should teachers present 


these materials? 


Reactions Dealing with the Teaching Approach. Kline, 


noting that there is universal agreement that the present 
mathematics curriculum is poor, has said that the trouble 
lies in the approach to the material rather than in the 
material itself .2? Somewhat along the same line of 
thinking, Read has said: 


We must realize that something is not wrong merely 
Becstse 1. 260 0°or traditional. Some traditional 
material still has great value. 


e e e e e e e e e e e e e e e e e e e e e e e e 


We wish to teach more mathematics more creatively, 
to teach the true nature of mathematical thought; we 
must supply motivation and purpose; in other words, 
creative teaching # 36 


aired Piaget, "How Children Form Mathematical 
Concepts," Scientific American, 189:74, November, 1953. 


3°Morris Kline, "Reform in the Mathematics Curri- 
culum," Education Digest, 24:36, February, 1959. 


3€cecil B. Read, "New Wine in Old Bottles," School 
Science and Mathematics, 61:165, March, 1961. 
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"In looking at the content of the new programs for 
grades 9-12," Beberman, the director of the University of 
Illinois Committee on School Mathematics (UICSM), has said, 
"T am impressed more by the attempt to organize the 
traditional subject matter along logical lines than by the 
inclusion of new subject matter ."2/ According to Bebermann: 
Objections to the new programs should not center on 
questions concerning new subject matter. The real 
question is whether or not students should understand 


the skills which are taught in both the conventional 
and the new programs. 


[However, one should avoid] .. . the terrible 
hazard of thinking that any approach which emphasizes 
logical explanations leads to understanding. ..... the 


trick is to build a curriculum in which the mathematics 
is logically developed and to match this curriculum 
both to the present interests, needs and capacities of 
the learners, and to their future interests and needs .38 
Delon has warned that some teachers are presenting 
new content, which has been introduced to help unify and 
clarify mathematics, in almost complete isolation from other 
phases of mathematics instruction. Some teachers fail to 
realize that the intrinsic value of the new content is 
secondary to an over-all understanding of the mathematical 


structure it is intended to convey, and they substitute 


- memorization of the new terminology for the 


37Max Beberman, "The Old Mathematics in the New 
Curriculum," Educational Leadership, 19:373, March, 1962. 
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33 
memorization of traditional definitions and rules of 
computation. On the elementary school level, the 
result of requiring the use of labels and terminology 
beyond the comprehension of the child is to deter 
rather? thani facilitate: his»learning.39 

Evidently, as one would expect, a great deal depends 
on what the teacher does with the materials. The best 
program possible would be of no avail if it were not used 
in the spirit intended. It seems to follow that teacher 


(and student) attitudes would have some bearing on the 


effectiveness of any program. 


Teacher and Student Reaction. One need not read far 
in the literature before grasping what the student and 
teacher reactions to the new programs are. A few of the 
citations typical of those found throughout the literature 
are presented in succeeding paragraphs. 


Most teachers who have used the new mathematics 
programs are enthusiastic and say they will never 
Tevuri vo. tne old. Shai enjoy the work and -show 
far more understanding. +0 


Teachers all over the country have commented to me 
that their students are showing more interest and 
excitement in the study of the new mathematics programs 
than ever before. Even the weak students in mathematics 
appear to be liking mathematics. 


39F1 oy G. Delon, "The Aftermath of a Revolution," 
Arithmetic Teacher, 10:482, December, 1963. 


 Prowand F, Fehr,"A Great Step Forward," Education 
Digest, 28:42, January, 1963. 
Ly 
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It has been found that some students who apparently 
had received A's and B's in traditional mathematics on the 
strength of their ability to memorize and compute, have 
experienced real difficulty with programs calling for 
understanding and abstract reasoning, while students 
labelled as "poor in-mathematics" have come alive when 
released from routine drill and given freedom of thought. 
Furthermore, college students have frequently reported that 
SMSG or UICSM high school courses have better prepared them 
for college than traditional courses have prepared their 
Grienda-te 

After interviewing SMSG teachers, one writer was led 
to report: "The SMSG units are stimulating to teach and the 
material tends to be erent aver isa Marvelling at the 
enthusiasm of students (and parents!), he anticipated the 
creation of fewer arithmetic "haters" and more good thinkers 
from the use of such fr déndiia ul 


Somewhat in the same vein, another writer revealed 


ematics Curricula--A Passing Phase or Progress?" The Math 
ematics Teacher, 57:145, March 1964. 
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‘'3Margaret F. Willerding, "A Critical Look at the New 
Mathematics for Seventh Grade," School Science and Math+ 
ematics, 62:218, March, 1962. 
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that: 
the reaction of children to new mathematics has 
been overwhelmingly positive. They are truly fascinated 
by these new approaches. Classes have been so intrigued 
that they wanted to forego gym in order to continue a 
mathematics lesson. 

Commenting on their experience with the Ball State 
Program, Brumfiel, Hicholz, and Shanks have reported that 
teachers with strong mathematics backgrounds are enthusias- 
tic about the experimental program, but teachers with weak 
backgrounds have mixed reactions, although most feel that 
as they develop the required skills and understandings they 
will be able to teach experimental material more effectively 
than traditional poe 

Indicating a concern frequently expressed in 
reference to many of the new programs, an editor of the 
Arithmetic Teacher raised the following question: "Within 
the limits of computation, can the UMMaP students add, 
subtract, multiply and divide with whole numbers and common 


and decimal fractions satisfactorily? Can they use these 


: Y 
computations in percentage and mensuration?" Y 


vale B. Fisher, "How Curriculum Builders View New 
Mathematics Ideas," School Science and Mathematics, 64:34, 
January, 1964. 


*€charles Brumfiel, Robert Eicholz, and Merrill 
Shanks, "The Ball State Experimental Program," The Math- 
ematics Teacher, 53:76, February, 1960. 


pan A. Sueltz, "Editor's Note," Arithmetic Teacher, 
7:65, February, 1960. 
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On the whole, however, the reactions of students and 
teachers alike seem to be very enthusiastic. Such a 
response is likely to have a beneficial effect on the 
learning of mathematics. 

In the preceding paragraphs, an overview of the 
driving forces, characteristics, and effects of the movement 
towards improved school mathematics has been presented. It 
might be asked how well the two new commercial grade eight 
mathematics texts that were used in the experiment carried 
out in Alberta schools in 1963-64 reflect this movement. 
Some indication of what the answer might be is given in the 


following section. 


Four paraphrased, teacher-written reviews of STM and 
EMM texts for grades seven and eight are presented in the 


Succeeding paragraphs. 


Seeing Through Mathematics, Book 1. In this text 
mathematical terms are defined in dictionary style. Mate- 
rial is included on sets, numeral-number contrasts, numera- 
tion systems, geometry, measurement, reading of mathematical 
symbols, solution of conditions Cionvee the set approach, rate 
pairs, per cent, and business arithmetic. The ta@xt is 
student-centered with the development primarily in the form 


of questions framed for the student to answer. Hach lesson 
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37 
facilitates student anticipation of what is to be learned 
and helps the pupil to summarize the main ideas developed 


48 


in the lesson. 


Seeing Through Mathematics, Book 2. As in Book 1, 
the guided discovery method is used. The treatment of 
rational numbers is strictly mathematical and lays a 
foundation for operations involving positive and negative 
numbers and zero. ‘The real number system and its relation 
to the number line is studied. The concept of measure as an 
interval is developed, leading to consideration of precision 
and accuracy. Conversion of units and consideration of 
triangle properties are based on the rate-pair concept. 
Kquivalence conditions are used to derive formulas from 
geometry, science, business, industry, and mathematics. The 
development of plane and space geometries is consistent. 

The text concludes with a unit on probability and statis- 
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CLOS. 


Exploring Modern Mathematics, Book 1. This text lays 


Hortawts C. Theaker, Seeing Through Mathematics, 
Book 1, a book review in "Reviews and Evaluations," edited 
by Kenneth B. Henderson, The Mathematics Teacher, 56:640-641, 
December, 1963. 


aorreneie C. Theaker, Seeing Through Mathematics, 
Book 2, a book review in "Reviews and Evaluations," edited 
by Kenneth B. Henderson, The Mathematics Teacher, 56:641-642, 
December, 1963. 


\ beatael ed oF ef sshw To notteqrotine’ : 
pbegoleveb esshi atsm ont esivsumie os sigue 


~[ dooh at 24 «5 Hood ,gottemsi 26M 
%o tnemdcets edt .beeu et bonvem Lt8VO! 
taottementeam Yidoitse at 24s 


svidvegen bos evisteoq antviovnl ne a 


~  — ob § = —_ o 
notiseic:2 esi bns me f 


. | te 
sedmin fso1 Sil? .omes m8 


m Ge ™ ; aif S at 4 
ne ee eivesem To Iqsonoo sh. ~ bs fBuc 


oe 
noitetebireaos ot gaibeel Rais. 
“ yy, 


An 2 Deon a, © be ~ ~ t ‘ * 
Mont esinnmiol eytrsb of Dsey 828° EF 


ed? ,eotvetiaddem bus ,\y1seubae BesnteuG a 
, 3 : iu 
dnetetenco et asiiismosg 996ge Das ens ik 


pa pale 
=pitese bos vtiftdedota no diate sd bwee . 


i} 


ayet dxet aid? it wool -eotsenseee i aaemaaes 


Pectin A ‘ ph aie 6° 
bedt oe aed, poe ewe by 


Sdo-t¥e8d:" , Neripset go} tamerinanes 


38 
the foundation for future study of mathematics in such a way 
that the student can identify with "the excitement, secrets, 
and practicality of great mathematicians." The number- 
numeral distinction is made in a historical context. Primes, 
factors, divisors, greatest common factors, least common 
multiples, the fundamental theorem of arithmetic, and all 
the field axioms are covered in the development of number 
concepts. The notation and language of sets is used to 
develop geometric concepts and terminology such as between- 
ness, half-line, and convex polygon. Subtraction and 
division are presented as the inverse operations of addition 
and multiplication. The treatment of inequalities and 
aqualities is facilitated by using the language of sets. 
Manipulation of symbols is de-emphasized. Modular arith- 
metic is presented as a first example of a mathematical 
system, and the concept of a mathematical system is used to 
present operations with fractions in a meaningful light. 

The treatment of measure, built on the concept of an 
arbitrary basic unit, is consistent for one- and two- 
dimensional figures. Towards the end of the text much of 
the traditional type of seventh grade arithmetic is 


presented.?° 


20 Ma ry Laycock, Exploring Modern Mathematics, Book 1, 
a book review in "Reviews and Evaluations," edited Ee Ken- 
neth B. Henderson, The Mathematics Teacher, 56:546-547 
November, 1963. 
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Exploring Modern Mathematics, Book 2. The integra- 
tion of arithmetic, algebra and geometry is attained in 
this text through: many algebraic and geometric topics 
scattered throughout the book, a chapter on the solution of 
algebraic equations, a chapter on polynomials, and two 
chapters on geometry. The extent to which rigour gradually 
increases through the text, as the authors claim it does, is 
difficult to assess, but, in the reviewer's opinion, not 
enough is done to prepare students for the writing of 
formal proofs, which is treated in the third book of the 
series. There is increasing emphasis on applied problems 
and increasing attention to reasoning throughout the text. 
Opportunity for the student to explore and discover for 
himself, one of the better features of the text, is 


facilitated through well-placed Let's Explore exercises. 


Strategically located skill maintenance drills are employed 
often. The development of number systems is similar to that 
used in SMSG. According to the reviewer, in a few cases 
structure is sacrificed for the sake of expediency in the 
introduction of new material.°' 


It would appear from the reviews that each of the 


21 S61 Mastbaum, Exploring Modern Mathematics, Book 2, 
a book review in "Reviews and Evaluations," edited by Ken- 
peer B. Henderson, The Mathematics Teacher, 57:34, January, 
1964. 
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STM and EMM texts for grades seven and eight is written 


in the spirit of current curricular recommendations. 


IfI. REVIEW OF RESEARCH ON THE EVALUATION 
OF NEW MATHEMATICS MATERIALS 


According to Mayor, all of the larger projects 
involved in producing improved mathematics curricula have 
provided for classroom try-out of their materials, for 
reports from teachers using the textbooks, and for modifica- 
tion of the programs based on teacher reports. Even though, 
in most instances, there has not been controlled research, 
Mayor has pointed out that the fact that materials are being 
tried out in classrooms with revisions being made on the 
basis of classroom experience is a healthy development in 
the area of school curriculum design? 

In what follows, the investigator has summarized the 
findings of recent research studies particularly concerned 
with the evaluation of student achievement in new math- 
ematics courses. 


Payette’>, of the Educational Testing Service (ETS), 


22 John R. Mayor, "Research in Review--Mathematics 
Education," Educational Leadership, 19:395-396, March, 1962. 


> 3R oland F. Payette, "Educational Testing Service 
Summary Report of the School Mathematics Study Group 
Curriculum Evaluation," Newsletter No. 10, November, 1961 
(Stanford, California: Leland Stanford University, 1961), 
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4 
has reported a study in which student achievement in SMSG 
courses was compared with student achievement in non-SMSG 
courses. In the summer of 1960, the ETS made arrangements 
with approximately seventy-five schools to have them 
participate in a major experimental study designed to 
provide evidence pertinent to the following three questions: 

1. Does the SMSG curriculum detract from student 
achievement with respect to traditional "mathematical 
skills"? 

2. Does the SMSG curriculum result in a measurable 
extension of developed mathematical ability beyond that 
of conventional mathematics instruction? 

3. How effectively is the SMSG curriculum communicated 
to students at various levels of scholastic ability? 

At each of the seventh, ninth, tenth, eleventh and 
twelfth grade levels, thirty teachers, selected at random 
from a group of teachers willing to teach SMSG for the first 
time, provided their students with conventional mathematics 
instruction, and thirty teachers, selected at random from the 
aforementioned group, provided their students with math- 
ematics instruction based on SMSG materials. In the fall of 
1960, all students involved in the study were given common 
tests of scholastic aptitude and knowledge of mathematics. 
In the spring of 1961, all of the students were given common 


tests of conventional mathematics and of SMSG materials. 


On the basis of data collected from the administration 


Tia, p. 50 
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42 
of conventional mathematics tests and in consideration of 
initial student aptitude and knowledge of mathematics, 
Payette reported that ". . . over-all, students exposed to 
conventional mathematics have neither a pronounced nor a 
consistent advantage over students exposed to SMSG math- 
ematics with respect to the learning of traditional math- 
ematical skills ."9? The same conclusion was reached when 
the achievement of the above-mentioned conventional math- 
ematics students was compared with that of SMSG mathematics 
students taught by teachers selected at random from a group 
who had taught SMSG mathematics previously. 

Furthermore, on the basis of data collected from the 
administration of SMSG tests and in consideration of initial 
student aptitude and knowledge of mathematics, it was found 
that ". . . students exposed to SMSG instruction acquire 
pronounced and consistent extensions of developed math- 
ematical ability beyond that developed by students exposed 
to conventional mathematics instruction."2° In addition, 
positive evidence was found that suggested that students at 
all scholastic ability levels can learn considerable seg- 
ments of SMSG materials. 


Another study involving SMSG materials has been 
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1.3 
reported by Posanhlocnen © In this study, which was carried 
out during the 1959-60 and 1960-61 school terms, random 
selections were made from a population of Minnesota teachers 
who had volunteered for experimental work. Both well and 
poorly qualified teachers from large cities, small towns, 
and rural areas were represented. At each of the grade 
levels from seven to twelve, between 100 and 400 students 
were involved in the 1959-60 study, and between 300 and 400 
were involved in the 1960-61 study. In addition, sixty 
grade six students who were studying grade seven SMSG 
materials were involved in both studies. 

Bach September, the Differential Aptitude Tests (DAT) 
for grades nine through twelve and the School and College 
Abiiity Tests (SCAT) for grades seven and eight were 
administered to measure student aptitude. Each September, 
the following May, and the following September, the 
Sequential Tests of Educational Progress (STEP) appropriate 
to each grade level were administered to measure achievement 
with respect to goals common to both SMSG and conventional 


50 


mMeLnonnw. cs aurricula., 


27 Paul Rosenbloom, "Minnesota National Laboratory 
Evaluation of SMSG, Grades 7-12," Newsletter No. 10, 
November, 1961 (Stanford, California: Leland Stanford 
Uni versity,,, 1961), pp. 12-26. 
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hh 
In a particularly well-controlled phase of the 
experiment, grade seven students taking the SMSG course 
scored significantly higher than those in control classes 
on the May, 1960 STEP post-test. However, on the September, 
1960 retention test, the SMSG students scored only slightly 
higher than the control students. At the grade seven level 
Polweeteaisotfound,)': . . that the low-ability students 
profit more from the SMSG course, in comparison to the 
conventional, than the other pupils, and that the course 
does not place an undue strain on their verbal ability ."?? 
Furthermore, evidence suggested that teachers need not be 
specially trained or highly qualified to teach the SMSG 
seventh grade course anecesstully. © 
No control classes were established at the sixth, 

eighth, ninth, tenth, eleventh or twelfth grade levels. 
Consequently, comparisons could only be made on the basis of 
test publisher's data on the STEP performance of students in 
conventional classes. The children who studied seventh 
grade SMSG materials for a complete term in grade six were 
found to compare favourably with eighth grade students, 


nationally. No ability group of SMSG students in any of the 


grades eight through twelve was found to do much worse on 
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ae) 
the STEP tests than would be expected according to national 
norms. "In all cases the students did as well as would be 
expected, and in some cases much better "01 

Regarding the correlation between teacher qualifica- 
tions and student achievement, for which the experimental 
analyses gave no significant results, Rosenbloom made the 
following statement: 

We should not like to encourage misinterpretation of 
our results on the relations between teacher qualifica- 
tions and student achievement. We do not believe that 
subject-matter competence is irrelevant to a teacher's 
effectiveness. Our evidence merely indicates that the 
usual ways of measuring this competence, in terms of 
experience, credit hours, and course grades, are not 
Sous lacuory . 

Williams and Shurt°3 have reported on the results of 
experimental studies, carried out by them during the 1960- 
61 school term, which involved conventional and SMSG math- 
ematics students in the Roseville School District in 


Minnesota. Their report is based on two unpublished 


aocuworal dissertations, one completed by Williema’ and the 


Ser peargepuaes. 


©3mmmet D. Williams and Robert V. Shuff, "Comparative 
Study of SMSG and Traditional Text Material," The Math- 
ematics Teacher, 56:495-504, November, 1963. 


Sanat D. Williams, "Comparative Study of SMSG and 
Traditional Mathematics" (unpublished Doctoral Dissertation, 
The University of Minnesota, Minneapolis, 1962) 
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4.6 
other completed by Shurt .°? The general question for which 
answers were sought in these two studies was: 

In what way do students who have studied experimental 
text materials in mathematics differ from students who 
have studied traditional materials? 

The seventh grade sample was made up of eight classes 

(216 students), established through line scheduling. Each 
of four teachers taught one section with SMSG materials and 
one with traditional materials,°” 

The eighth grade sample was chosen by random sampling 

from students who scored above the fiftieth percentile on 
the Snader General Mathematics Test and who obtained a "'C" 
or better in the previous mathematics course. The six 
classes (172 students) involved were randomly assigned SMSG 
or traditional treatment. Each teacher taught one SMSG 
class and one traditional ia Baie 

The grade nine sample was made up as follows: one 


class with SMSG background and one with traditional math- 


ematics background, both of which studied the SMSG grade 


OORopert Vance Shuff, "A Comparative Study of 
Achievement in Mathematics at the 7th and 8th Grade Levels 
Under Two Approaches, School Mathematics Study Group and 
Traditional" (unpublished Doctoral Dissertation, The 
University of Minnesota, 1962). 


COWsiiiame shdechuff, op. cit., p. 495. 
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17 
nine course; one class with SMSG background and one with 
traditional mathematics background, both of which studied 
the traditional grade nine mathematics course; and two 
classes that were a mixture of students with SMSG or tradi- 
tional background, one of which studied the grade nine SMSG 
course while the other studied the traditional grade nine 
adunse a®? 

At the tenth grade level, about forty SMSG students 
who scored above the 90th percentile on publisher's norms 
on the Differential Aptitude Test (DAT) were matched with 
traditional mathematics students on the basis of DAT 
scores ./° 

A listing of the tests used in the experiment follows: 

General 


Grade Scholastic Mathematics Specific Mathematics 
Level Aptitude Achievement Achievement 


7 SCAT STEP 34,3B COOP Mathematics X,Y 

8 SCAT STEP 34,3B COOP Mathematics X,Y 

9 DAT STEP 2A,2B COOP Elementary Algebra T,Y 
10 DAT STEP 2A,2B COOP Intermediate Algebra T,Y 


The STEP tests and COOP tests were described as 


; ; ‘ 
conventional, pre-SMSG tests of mathematical achievement. 


OF Tbid., p. 497. 
“Ipid., pp. 497-498. 
“lIpid., p. 498. 
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At the seventh, ninth and tenth grade levels, 
experimenters found no significant differences between mean 
scores obtained by the SMSG classes and mean scores obtained 
by the traditional mathematics classes on any of the conven- 
tional standardized mathematics tests used in the exper- 
iments. However, ". . . at the eighth-grade level, the 
advantage seemed to be with the traditional classes; results 
differed with a statistical significance of .05 on STEP and 
01 on COOP." /* 

The experimenters recognized that a test related to 
the content and objectives unique with the SMSG materials 
would be needed before a complete evaluation of the effec- 
tiveness of such materials could be made./> 

In reporting a 1960-61 study that involved four 
accelerated seventh grade mathematics classes (two on a 
"modern" program and two on a conventional program), 
meade ae reached essentially the same conclusions as those 
stated for each of the studies so far reviewed in this 
chapter. Ruddell administered three traditional mathematics 


bests “to the four’ ¢lasses at the end of the “school ‘term: 


Geluid:. pe 50%. 


(31pia. 


arden K. Ruddell, "The Results of a Modern Math- 
ematics Program," Arithmetic Teacher, 9:330-335, October, 
1962. 
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These were the Wide Range Achievement Test (WRA) in Arith- 
metic, a STEP test, and a paper-and-pencil test prepared by 
the investigator to evaluate traditional mathematics 
understandings. It was found that, on all three tests, the 
students who studied the "modern" program scored as high as 
or higher than children who studied the traditional math- 
ematics program.’? 
In the 1961-62 school term, Nelson conducted an 
experiment in which he sought an answer to the question: 
",. . . does simplification of the textbook presentation of 
mathematics material have an effect upon the mathematics 
achievement of high ability junior high school puphus?"?° 
Twelve seventh grade classes and sixteen ninth grade classes 
participated in the experiment. The classes at each grade 
level were paired on the basis of past mathematics achieve- 
ment and general ability, and one teacher taught each pair, 
using an SMSG text written for college capable students with 
one class, and using an SMSG text written for slower 
learning pupils with the other. At either grade level, the 


two versions of the SMSG text covered essentially the same 


content, but in the modified text simpler presentations 


Tete p18 35 


(Lhe Doyal Nelson, "Relation of Textbook Difficulty 
to Mathematics Achievement in Junior High School" 
(unpublished Doctoral Dissertation, the University of 
Minnesota, Minneapolis, 1962), p. 42. 
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50 
were used and the reading difficulty was reduced. The grade 
seven students involved in the experiment were identified as 
being from the top half of the ability range in their school. 
The ninth grade students were from the top third of the 
Ppa lity range.’ At the beginning of the experiment, 
September 1, 1961, STEP mathematics tests were administered 
to all students. During the course of the experiment all 
students wrote appropriate SMSG unit tests and either a 
SCATatest: (grade seveh) orla DAT test (grade: nine). In May, 
1962, alternate forms of the STEP test were administered.’° 
The statistical™analysis of* scores obtained on*the various 
tests included analysis of covariance procedures and 
examination of regression lines for trends./? 

At the seventh grade levels, the experimental results 

led the investigator to conclude: 

Since the modified text seemed to favor low achievers 
in the high ability group involved, there can be little 
doubt that the kinds of changes SMSG made in producing 
the M [modified | texts tend to lead to greater efficiency 
in) therlhearning of mathematics for all, but: the highest 
achieving group of pupils in a school. 


Similar findings were reported on the basis of 


results from the ninth grade sample. 
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“Ipid., pp. 77-80. 
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An experiment involving grade seven commercial math- 
ematics text materials was carried out by the Alberta Junior 
High School Mathematics Subcommittee during the 1962-63 
school term. Data were obtained for 253 students studying 
STM, Book 13 171 students studying EMM, Book 13 and 184 
Analysis of the scores obtained by the students in the three 
different instructional groups on a STEP mathematics test 
administered in May, 1963 indicated that there were no 
Significant differences among the groups with regard to 
achievement as measured by a conventional mathematics test. 
However, on a special test devised by members of the Sub- 
committee to measure student understanding of content in the 
KMM and STM text materials, there were statistically signif- 
icant differences found among the mean scores obtained by 
the groups of students that studied the different programs. 
Except at the low ability level (as indicated by SCAT Total 
Scores), the students who studied EMM materials scored 
higher on the special test than those who studied STM 
materials (The differences were significant at the .05 
level). At all ability levels the STM and EMM students 
scored significantly higher than the Winston Mathematics 


students on the special boat.©: 
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Alpert, Stellwagon, and Becker” have reported a 
major investigation of many of the psychological variables 
relevant to seventh grade mathematics, "modern" and 
conventional. Their sample consisted of approximately 270 
Suujectussehalbi boys and hal? girls J/uodtalf dficthe sample 
consisted of students from SMSG classes, and the other half 
consisted of students from conventional mathematics 
Hliassesi°- Among other things, the results from the study 
indicated ". . . that the experimental program does not 
increase students' positive feelings toward mathematics, 
either absolutely or relative to the traditional mathematics 
Seeman gee However, it was found that theoretically 
oriented teachers produced positive student feelings towards 
mathematics in SMSG classes but not in non-SMSG classes. 
Another interesting finding was that: 
: . atthe start of the school year,.the SMSG 
students were found to be more favorably oriented 
toward mathematics than the non-SMSG students. However, 


the data Show that at the end of the school year 
while non-SMSG mathematics attitudes remained relatively 


"Tnterim Report on Testing Program, June, 1963." (Mimeo- 
graphed. 


82 sig Alpert, G. Stellwagon, and D. Becker, 'Psycho- 
logical Factors in Mathematics Education," Newsletter No. 
15, April, 1963 (Stanford, California: Leland Stanford 
University, 1963), pp. 1722, 
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constant, SMSG students' attitudes fell. The general 
enthusiasm was gone. 


The latter finding was taken as an implication that 
ie. thesjobvnowels tolmodify further the material: and: to 


train teachers in a way that will justify the students' 
86 


initially high expectations." 
IV. CHAPTER SUMMARY 


Reviews from the literature were included in this 
chapter to present a picture of the environment in which 
present-day considerations regarding the adoption of new 
school mathematics curricula must proceed. In the 
Succeeding paragraphs the writer attempts to summarize the 
salient views and findings reported in the chapter. 

| The case for reforming school mathematics curricula 
seems very strong, indeed, when one reflects upon the 
reported weaknesses of many traditional mathematics 
students; upon the unstructured, frequently boring nature 
of traditional mathematics textbook materials; and upon the 
vast technological revolution occuring in our times. 

New or "modern" school mathematics is widely 


identified as that which places emphasis on student discovery 


Ee peers. 
5 


Lie? sebutites eggetoae ¢ OEMe 
3h 


i 


dsit motteotfqut as es deasd sew ae 7 


fexrsnheg ent 


cn 


4 
ra 


ot bne fsiietsm ott srondtwt yviibom ot af won at 


etnsbhbudte oft ytitert Ofiw tent yew Bs Lt 


at pm 
he toes og i 


~ 


YHAMMUSC AaTGAHD .VI 


efit at bebirflont sisw emdstetil oft! not 3 3 
dotdwat tnemnoi1tzes edt to suptoig By tne 


wen to notdqobde sit anthbtess1 anoiteveahi a Fal 


sit aI .bessorq Jem sinattiao Babe 


i= 
* v 
eid esivemmue of efamedts 4tetiaw sag evtqetts Bt 
~~ ~ 


»tatqend ett at botaoqer epripwet bos pore) t Sane pits 
Tt 
sisotiiso eottementem loodoe gntmiotet aot ¢ JD iT 
— * 
: a: — ae ~~. 
efit 1d% 2 200 CS 
es 7 


7 


7 d 
. a 


ent noqu agoefts: smo nasrlw bosbae! 
— 
ecliemetitan Lanotsibert Ynen ae ee 


etwien gntiod yltnesport . bs srusound ent apes 


ee 
a tne 


a 


eis noqy Bas geletrsdam aoodtxet wok aie _ 


tes 


© PF ; pie 
yievooelb tnshute no 2béstigme 2eselq moldwe: 


- 
m4 


-26mts tuo ar gnfanoso no ftw. 


vishiw ef eoidsmentem focdoa. " 


gt = 


c 
Loe ae 


54 


and understanding of basic principles, on the introduction 
of unifying concepts, on precise expression, and on an 
imaginative approach to the subject. This view is substan- 
tiated by the various experimental programs for the seventh 
and eighth grades, by the recommendations of the Commission 
on Mathematics, and by the views of various writers active 
in mathematics education. 

Regarding new school mathematics curricula, the most 
frequently noticed reaction from writers in the field of 
mathematics education is the warning that the good in the 
new programs might be spoiled by an attempt to be overly 
rigorous or formalistic. It is widely agreed that intuitive 
understanding and appreciation of concepts must occur well 
before any attempts are made to develop highly symbolized, 
formalistic-axiomatic mathematics with students. 

Another frequently raised and well-taken point is 
that, if the new materials are to be effective, the 
teacher's presentation of them must be in harmony with the 
spirit in which they were written. Nothing will be gained 
if teachers present new materials so as to encourage 
learning by rote as has been common in the past. 

In general, students and teachers alike have been 
found enthusiastic about the new mathematics materials. 
Possible exceptions noted have been teachers with defi- 


ciencies in their mathematics background who at first have 
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expressed negative attitudes toward the reforms. However, 
after teaching and learning from the new materials, appar- 
ently even these teachers have become enthusiastic. 

According to teacher-written reviews of the STM and 
EMM texts for grades seven and eight, these commercially 
produced textbooks do reflect the spirit of the curricular 
recommendations of the national school mathematics reform 
groups. 

Research studies that have evaluated the effectiveness 
of new mathematics curricula on the basis of student 
achievement have been consistent in their findings, even 
though a tendency was observed for reporters of research to 
interpret neutral findings with a slight bias, which seemed 
to depend on the views of the researcher. In general, it 
was found that: 

1. Students studying "modern" mathematics materials 
and students studying traditional mathematics 
materials perform equally well on conventional 
mathematics tests. 

2. Whenever a test reflecting the spirit and objec- 
tives of "modern'' mathematics curricula is 
included in a study, the "modern" group scores 
much higher than the traditional group. 

3. The new curricular materials appear to be appro- 
priate for all levels of scholastic ability, 
and indications are that they may give an added 
advantage to lower ability students. 

One reporter of research indicated that the usual 

measures of teacher competence (experience, university 


course grades, and the number of mathematics courses taken) 


seemed, by and large, unrelated to student achievement. 
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One researcher found that there may be certain 
advantages in using simplified but honest and complete 
presentations of school mathematics rather than more 
sophisticated approaches. 

A research study on psychological factors associated 
with the learning of seventh grade mathematics found that 
initial high interest in new mathematics materials drops 
off toward the end of the first year. Indications were 
given that this could be remedied through revised materials 


and better teacher education. 
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CHAPTER III 
THE EXPERIMENTAL DESIGN AND STATISTICAL PROCEDURES 


Do grade eight students develop any greater under- 
standing of basic mathematical ideas, in the areas described 
in the "Guidelines," if they study STM or EMM text mate- 
rials rather than the Winston Mathematics text? Do students 
score as well on a conventional arithmetic test if they 
study SIM or EMM text materials rather than the Winston 
Mathematics text? How do STM students compare with EMM 
students with respect to their understanding of basic math- 
ematical ideas and on the basis of scores obtained by them 
on a conventional arithmetic test? The major purpose of 
the study presently being reported was to produce evidence 
that might provide a basis for answering these questions. 

The present chapter contains a detailed description 
of the nature of the components of the experiment, the 
design of a special mathematical understandings test, the 
design of the experiment, and the statistical procedures 


followed in processing the data. 


‘See Chapter I, pp. 4-5. 
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I. THE NATURE OF THE SAMPLE 


During the 1963-64 school term, twenty-two classes of 
grade eight students, from the two major cities and three of 
the towns in the province of Alberta, participated in the 
experiment. Eleven of these classes, referred to as the 
STM group, studied portions of Seeing Through Mathematics, 
Book 1 and Seeing Through Mathematics, Book 2. Five classes, 
referred to as the EMM group, studied portions of Exploring 


Modern Mathematics, Book 1 and Exploring Modern Mathematics, 


Book 2. The remaining six classes, referred to as the CON 
group, studied Winston Mathematics, Intermediate 2, the 
currently authorized, conventional mathematics text for 
grade eight. There were six STM teachers, four EMM 
teachers, and six CON teachers involved in the experiment. 
The participating teachers and students were selected 
by members of the Alberta Junior High School Mathematics 
Subcommittee from schools in the Subcommittee members ' 
respective school districts. Ideally, it would have been 
desirable to have made a random assignment of pupils, 
teachers, and treatments, but since the study was conducted 
in a practical school situation and since one determining 


factor was the availability of teachers willing to 


“See Chapter I, pp. 6-7 for detailed footnote 
references to these text materials. 
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participate in the experiment, such an assignment was not 
possible. However, examination of Table I on page 60 would 
lead one to conclude that the three groups of students 
studying the different texts were fairly well matched as to 
scholastic ability. bimilarly, consideration of evidence 
collected on the characteristics of teachers involved in 
the Miperinant+ would support the contention that the three 
groups of teachers were comparable in overall training and 
experience. 

However, inspection of Table I shows that roughly 
one-third of the students in the sample had School and 
GovrecsoApi lity Tést (SCAT) Total sedres above the} ninetieth 
percentile on the test publisher's (1957) norms. How-the 
scores of erade eight Alberta students in general would 
appear in comparison with the norms is a matter of conjec- 
ture, but it would seem safe to assume that the sample as a 
whole evidenced better than average scholastic ability. 
Nevertheless, since about sixteen per cent of the students 
in the sample had SCAT Total scores below the fifty- 
second percentile, there seems to be good reason to 


postulate that the average and low ability students are 


3See also evidence from statistical tests in Chapter 
III, on page 86. 


ager Charter IV, pp. 117-127. 
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TABLE I 


PROPORTIONS OF THE SAMPLE WITH SCAT TOTAL SCORES IN RANGES 
CORRESPONDING TO MID-PERCENTILE RANKS 
ON THE TEST PUBLISHER'S NORMS 


SCAT Mid- _ CUMULATIVE PROPORTIONS 
Total Percentile 
Raw Rank on Entire STM EMM CON 
105-109 £98 
102-104 90 
101 205 
99-100 oe 
peas be 
95- ; 
92- a 58 
90- 91 HS 
87- 89 ey 
83- 86 wwe 
80- 82 629 
76- 79 20 
Ba= 5: 10 
67- 71 09 
63- 66 5 
59- 62 02 
45- 58 ries 


*Cooperative Test Division of the Educational 
Testing Service, Cooperative School and College Ability 
Tests, Technical Report (Princeton, N. J.: Educational 
Testing Service, 1957), p. 40. 
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61 
fairly well represented in the lower third of the distribu- 
tion. It would seem reasonable to assume that any conclu- 
Sions reached regarding students who scored in the lower 
third of the sample distribution of SCAT Total scores (up 
to the sixty-fifth percentile) would apply, in general, to 
grade eight Alberta students of average scholastic ability. 
Conclusions reached about students with scores in the middle 
and upper third of the distribution should apply in general 
to grade eight students with high and very high measurable 


senolastrc ability. 
II. THE NATURE OF THE TEXTBOOKS 


The reviews of the STM and EMM texts reported in 
Chapter II? give some indication of the nature of these 
texts, but to supply more information, the investigator has 
micluded Sable Zi and Tapte®il tl, “which Jist the).chapter 
headings for all three sets of text materials used in the 
experiment. Furthermore, quotations of the textbook 
authors' views on the nature and objectives of their texts, 
and examples illustrating the approaches to various topics 
employed by each of the text materials are presented on the 


succeeding few pages. 


Pages 36-39. 
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The Authors! Perceptions of the Nature and Objectives 


of Their Texts 


The STM Series 
In keeping with our philosophy of teaching mathematics 

in a meaningful way, we have used certain basic concepts 
throughout STM. These basic concepts--the ideas of set, 
set operation, condition, variable, mathematical 
structure, relation, logic, and problem solving--serve 
as "strands" that provide a broad perspective of the 
field of mathematics. These strands permeate STM, 
strengthening the presentation of our program and 
enabling students to view mathematics as a unified 
whole. 


Throughout SIM, careful attention is given to the 
distinction between the symbols used as a means of 
communication in mathematics and the ideas expressed by 
these symbols. This distinction between names and 
referents of the names is an integral part of the entire 
program. 


The ideas of set, conditions, and variables help to 
give precise meaning to topics that have been presented 
mechanically in traditional texts. 


Remember that STM is not organized around "social" 
arithmetic. However, "social" arithmetic is included 
whenever it is appropriate in terms of the mathematical 
ideas being developed. 


It should be clearly evident. . . that there are two 
major themes in the STM program: (1) understanding of 
mathematical ideas (not memorization of number facts); 
and (2) integration of mathematical ideas (not compart- 
mentalization). 


OHenry Van Engen and others, Teaching Guide, Seeing 
Through Mathematics, Book 1 (Chicago: Scott, Foresman and 
Company, 1963), p. 8, 
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The EMM Series 


The series was inspired by and is based upon the work 
of the University of Maryland Mathematics Project (Jr. 
H. S.) and the School Mathematics Study Group. The 
authors have used what they feel to be the best of the 
mathematical and pedagogical ideas found in these works, 
and have of course made their own extensions, organiza- 
tion and improvements. 

. Arithmetic and algebra have been integrated, 
so as to eliminate the artificial distinction between 
them, and in order to provide more than one year's time 
to digest the important ideas of the latter. Geometry 
is also integrated with other materials where practical, 
and is to be found throughout the series. Throughout 
the series mathematical rigor will be found gradually 
to increase, as well as attention to and practice in 
working applied problems. Provision has also been made 
to place gradually more responsibility on the student 
for reading and learning mathematics by himself. 


The authors concur with the many who contend that 
students learn and retain better when they make their 
own discoveries or gain insights from their own expe- 
rience, and these books are written accordingly. 
Exploratory exercises, headed Let's Explore, provide 
experiences which lead to discovery or insight, and new 
concepts are almost invariably introduced in this way. 
itercce only laber,. after,.this. student experience, that 
the concepts are verbalized or summarized in the text.? 


An important feature of this series is that it 
emphasizes understanding, based on structure. The study 
of structure is based on the concept of a mathematical 


system.10 


IT IS NOT RECOMMENDED that the teacher should make 
too much of ultra-precise vocabulary. Student verbal- 
izations are not often terribly precise, and to enforce 


*Mervin L. Keedy, Richard E. Jameson, and Patricia 
L. Johnson, Exploring Modern Mathematics, Book 1, leacher's 
Edition (New York: Holt, Rinehart and Winston, Inc., 1963), 
p. Va 
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66 
linguistic precision prematurely is harmful rather than 
helpful. On the other hand, working toward gradual 
linguistic maturation is recommended. 

. Ihe authors have striven to make their language 
consistent, precise and economical, so that the books 
will provide help with the linguistic problem when 
needed.!1 

The Winston Mathematics (CON) Series 

No introductory remarks or other statements by the 
authors about the nature or objectives of this series were 
found in the texts. However, it appears that the purpose 


of the series is to teach arithmetic and problem solving 


fetes ancidentally in "social" situations. 
Treatments of Various Topics by Bach Text Series 


On the following pages the investigator has presented 
examples of textbook lessons to illustrate for the reader 
characteristic differences in the approaches to various 
topics used by each of the three textbook series involved 
in the experiment. The examples were selected from 
batroductory material dealing with topics in each of the 
five areas particularly being considered in the study 
presently being reported (Measurement, Number Systems, 


Numeration, Geometry and Problem Solving.) 
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Measurement 


SIM Approach. In Unit 8, under the heading "Measure 
of a Segment" in STM, Book 1, the following lesson is found. 


In unit 1 of this book you compared segments using 
piertdsasvot conetuencey\ofce"less than," “and“of" ereater 
than." Now you will compare segments by measuring them. 
A You can use a number line like the one represented 
in Di to help you to think about measuring segments. 
What number is associated with point A? With point B? 


[The D1 diagram was not located in this position 


Piechie original. | 


A B C D E F G 

See 8 a 
i > = 

0 1 : 2 : 3 : 

D1 


B® BD = AB and ODF & AB. 
What number is associated with point D? With point F?'° 
The lesson proceeds in this manner until the student 
is led to the idea that the measure of a segment is "The 


difference of the coérdinates of the end-points of a 


segment." | 


1 henry Van Engen and others, Seeing Through Math- 
ematics, Book 1, Part 2 (Toronto: W. J. Gage Limited, 


Bedih), peek27. 
"3tpid. 
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68 
EMM Approach. At the beginning of Chapter 7 of EMM, 
Book 1, the following introduction to measurement is given. 


Here is a map showing several 
routes from Centerville to Bel 
Air. Assuming all roads are 
equally good, if you were in a 
Perry Lo eo from Centerville to 
Bel Air, which route would you 
take? Why? How do you know? 


Ceaterville 


14 


This 1s a problem of comparing sizes of routes. 

Following this introduction, the concept of a one- 
dimensional figure is introduced and the student is asked to 
compare one-dimensional figures arranged in pairs. Some 
can be compared visually, but others require some measuring 
device like a piece of string. Then, through numerous 
exploratory exercises, the student is led to recognize the 
heed Lerisatinitofrmeasure ora unit segment. The measure 
of a segment is developed as the number of arbitrary unit 
segments that, laid end-to-end, have the same length as the 


15 


segment being measured. 


Winston Mathematics (CON) Approach. Under the 
heading "Exact and Approximate Numbers" near the beginning 
of Winston Mathematics, Intermediate 1, the following 
introduction to measurement is given. 


Yeedy. Jameson, and Johnson, op. cit., p. 287. 


— 


‘2Ipid., pp. 288-294. 
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The picture shows Old Faithful Geyser which is 
located in Yellowstone National Park. 


Old Faithful erupts, on the average, every 66 minutes. 
There is always some error in all measurement; hence, it 
is not possible for a measurement to be exact. The 
measured time from one eruption to the next is 66 minutes, 
so we can say that the geyser erupts approximately once 
iieonh hour, [his is a rough approximation of the 
measured time between eruptions. 


If we count the number of eruptions of the geyser in 
a day, this number is exact. Numbers which represent 
measurements are not Fee but numbers which are found 
by counting are exact. ! 


Exercises follow. The next topic is "How to Round 


Off Numbers." 


Number Systems 


Siienpulosc., sinaunit 7 of SIM, Book 1, the following 


messon iS. Tound. 


Toa wnitoeyou Learned that the multiplication of 
natural numbers is a mapping of the set of ordered pairs 
of natural numbers onto the set of natural numbers. You 
also learned that the product of two natural numbers is 
a natural number. In this lesson you will_learn how to 


find the product of two rational numbers. 
A few questions and specific examples follow to 


review the operation of multiplication with fractions, the 


1657 L. Stein and others, Winston Mathematics, 
Intermediate 1 (Toronto: The John C. Winston Company, Ltd., 
1954, iL va Pp. Mt 


'7Henry Van Engen and others, Seeing Through Math- 


ematics, Book 1, Part 2 (Toronto: W. J. Gage Limited, Pie apr 
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symbols used to represent rational numbers. 


The product of two rational numbers is qa rational 
number indicated by a fraction. The numerator of the 
fraction is the product of the two numerators, and the 
denominator is the product of the two denominators. The 
work that follows will help you use variables to develop 
the definition of the product of two rational numbers 


product of two rational numbers. The universe for a and 
mere Na. The universe for b and d is C. For each 
replacement of a, b, c, and d, 


avec _ ac 
Aa = ad 18 


EMM Approach. Near the beginning of Chapter 6 in 
EMM, Book 1, the following treatment of operations with 
fraction numerals is found. 


Do you remember how to multiply arithmetic numbers, 
using fraction numerals? 


A number of Let's Explore exercises follow in which 
a pie and an apple are divided into halves and sevenths and 
used to illustrate the process of multiplication using 
fraction numerals. 


Do you recall that in order to multiply using 
fraction numerals you find the product of the numerators 
and the product of the denominators? This way you find 
a fraction numeral for your answer. Its numerator is 
the product of the numerators, and its denominator is_ 
the product of the denominators. The reason we deo this 
is that it fits our ideas about the world around us. We 
might define multiplication in various ways, but to have 


Pie. mp. 324-325. 
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it fit our ideas, we define it this way: 


if a and c¢ are any whole numbers and b and d are any 
natural numbers, 


Winston Mathematics (CON) Approach. Under the heading 
"Important Points in Multiplication of Fractions" the 
Pot Lowihe 2s found in Book 2. 


A. To multiply a fraction by a whole number or to 
find a fractional part of a whole number, multiply the 
numerator of the fraction by the number. Divide this 
product by the denominator. [Examples are given. |] 


Be to multiply two fractions, multiply the two 
HiGiereauvors.= ULivide this product by the product of thé 
denominators. [An example is given. | 


C. Sometimes, before we multiply, we may divide the 
numerator of one fraction and the denominator of another 
fraction by a number greater than 1 to make the work 
Sasser. This use of division is known as cancellation, 
[An example is given. | 


D. To multiply mixed numbers, change the mixed 
numbers to improper fractions and then multiply. 
Examples are given. | 


Numeration 


STM Approach. In the STM series the topic of place 


eo Tpady, Vppi. 1233-23. 


ney L. Stein and others, Winston Mathematics, 
Intermediate 2 (Toronto: The John C. Winston Company, Ltd., 
1954, 1957), p. 29. 
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72 
value in the base-ten numeration system is approached by 
studying a variety of tally, code, grouping, and place value 
systems having bases other than ten. Interspersed through- 
out the discussion of the properties of base-two, base-four, 
base-seven, and other base numeration systems are parallel 
examples in the base-ten system. Eventually the treatment 
leads up to scientific (or exponential) notation as used in 


the decimal system. << 


EMM Approach. Following some discussion of Babylonian, 
Roman, and Hindu numeration systems, the EMM series treats 
the concept of place value by considering expanded numerals 
in the decimal system of numeration. Then, exponential 
Hotatron is-treated; and, finally, the properties -of “the 
base-five numeration system and other base systems are 
treated to make the basic patterns in the familiar base-ten 


system more apparent .@2 


Winston Mathematics (CON) Approach. Under the heading 
"Picturing Our Number System," the following description is 
found. 


Bach of the pockets in the place-value chart 


Henry Van Engen and others, Seeing Through Math- 
ematics, Book 1, Part 1 (Toronto: W. J. Gage Limited, [n.d.]), 
pp. 206-229. 


“sKeedy, Jameson, and Johnson, op. cit., pp. 1-34. 
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represents a piace in which a figure may be written in 

a number. In 38 the 3 is in the tens' place and the 8 
is in the ones' place. Find the pockets which represent 
toeae places. in the chart.<+ 


Geometry 


OTM Approach. 


bisector of an angle ...A ray determined by the 
vertex, of an angle and a point in the interior of the 
angle so that the two angles formed by the ray and the 
eades. of, whe original angle are congruent. .1f point, J 
Pmiwoneancerior of ZEAC and if ZBAJ = ZJAC, then ray 
AJ is the bisector of ZBAC. [Diagram not reproduced. |2? 


EMM Approach. 


To bisect means to cut in half. An angle is bisected 
by drawing a ray between the sides of the angle so that 
two smaller angles with the same measure are formed. 
Here ZABC is bisected by BD, soZABD = ZDBC. The ray 
BD is called the angle bisector. [Diagram not 
reproduced. 


Winston Mathematics (CON) Approach. 


To bisect an angle by measurement, use a protractor 
to find the number of degrees in the angle and divide 
the result by 2. Now mark on your paper a point which 


24. L. Stein and others, Winston Mathematics, 
Intermediate 2 (Toronto: The John C. Winston Company, Ltd., 
1954, 49577). p. ing 


e Henry Van Engen and others, Seeing Through Math- 
ematics, Book 2, Part 1 (Chicago: Scott, Foresman and 
Company, 1962), p. 69. 


OMervin L. Keedy, Richard E. Jameson, and Patricia 
L. Johnson, Exploring Modern Mathematics, Book 2, leacher'’s 
Edition (New York: Holt, Rinehart and Winston, Inc., 1963), 
B...00 
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7 
locates the middle of the angle. Connect this point 
with the vertex of the angle.27 

Problem Solving 

The principal difference among the texts in their 
approaches to problem solving is that the STM and EMM texts 
emphasize student understanding of the structure of the 
problem and description of the situation in the form of a 
mathematical sentence, whereas, in the Winston Mathematics 
series, apparently the important part of problem solving is 
obtaining the correct answer. 

In summary, it might be noted that the STM materials 
seem rigidly committed to a more precise mathematical 
presentation than that found in the EMM materials. However, 
both series do emphasize student discovery and understanding, 
and both do seem to arrive at comparable generalizations 
with comparable precision of expression. In contrast, the 
Winston Mathematics materials seem to place emphasis on 


manipulative or "how-to-do-it" techniques. 


eis. L. Stein and others, Winston Mathematics, 
Intermediate 2 (Toronto: The John C. Winston Company, Ltd., 
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III. DESIGN OF THE SPECIAL MATHEMATICAL UNDERSTANDINGS TEST 


Since the primary purpose of the experiment presently 
being reported was to establish to what extent the three 
texts involved fulfilled the expectations of the Alberta 
Junior High School Mathematics Subcommittee's "Guidelines"=° 
and since, at the time of the experiment, there were no 
published mathematics tests available that reflected these 
expectations, it was decided to build a Special Mathematical 
Understandings Test, referred to hereinafter as the SMU test. 
Karly in the development of the SMU test, a decision was 
made to proceed so that the final form of the test would 
contain fifty tested items dealing with understandings 
in five of the areas emphasized in the "Guidelines," 
namely: 

. Measurement, 
Number Systems, 
. Numeration, 


Geometry, and 
Problem Solving. 


WFW Ph + 


A set of ten questions in each area was the goal for the 
final version of the test. 

With regard to the other areas mentioned in the 
"Guidelines," a complete set of questions specifically 


designed to test understandings of "set concepts," or 


28566 pp. 4-5 in Chapter I. 
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"strategies of logic" was not drafted because of the 
difficulties experienced in separating these understandings 
from those in the five areas listed above. However, several 
Sravlevwitemsrincludedsin the final form ofthe! test’ do 
embody ideas of set and logic in their phrasing and in the 
understandings involved. Because only one of the texts 
involved in the experiment deals with "permutations, 
combinations, probability, statistics, and series," and 
these topics appear at the end of the grade eight text, 
items in this area were not included in the development of 
the test. It was felt that the Iowa Tests of Basic Skills 
(IOWA) used in the experiment would give sufficient indica- 
tion of a student's grasp of "conventional mathematics 
topics and skills," so items in this line were not 
Specifically included in the SMU test. 

In designing the items the investigator tried to 
abstract mathematical understandings from special terminology 
and symbolism. This approach was felt necessary because the 
"traditional" students were not acquainted with much of the 
Special terminology and notations often associated with the 
understandings to be tested and because even the two "modern" 
texts differ from one another in their use of symbolism. The 
investigator felt that it was important, if comparisons were 
to be made, that the SMU test questions should be equally 


intelligible to all three groups of students involved in the 
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experiment. He was (and is) also convinced that the under- 
standing of mathematical ideas must take precedence over the 
manipulation of symbols. The involvement of computational 
skitl was minimized in the SMU test as it was felt that 
student facility in this regard could be judged from the 
results of the administration of the IOWA test. 

So that the concepts tested would be compatible with 
those expected of grade eight students, ideas for the SMU 
test items were gleaned largely from the School Mathematics 
Study Group (SMSG) grade eight text materials.°” Ideas for 
some of the items have their origin in material. found in the 
26th Yearbook of the National Council of Teachers of Math- 
ematics (NoTM) 3°, in a test of arithmetic understandings, 
32 


and in SMSG seventh grade text materials. 


“I School Mathematics Study Group, Introduction to 
Secondary School Mathematics, Volume 2 (2 parts) and 
Introduction to Secondary School Mathematics, Volume 2, 
Teacher's Commentary (New Haven and London: Yale University 
Press, 1963); and School Mathematics Study Group, Math- 
ematics for Junior High School, Volume 2 (2 parts) and 
Mathematics for Junior High School, Volume 2, Teacher's 
poumensary (New Haven and London: Yale University Press, 
1961). 


3 Ovex A. Sobel and Donovan A. Johnson, "Analysis of 
Illustrative Test Items," Evaluation in Mathematics, Twenty- 
sixth Yearbook (Washington: The National Council of Teachers 
of Mathematics, 1961), pp. 71-91. 


3'Vincent J. Glennon, "A Test of Basic Mathematical 
Understandings" (Copyright, 1947). (Mimeographed.) 


3?school Mathematics Study Group, Introduction to 
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During December, 1963 and January, 1964, the 

investigator carefully drafted items for each of the five 
areas in which understandings were to be tested (Measurement, 
Number Systems, Numeration, Geometry, and Problem Solving). 
He endeavoured to keep the language in the items precise but 
neutral in the sense that it would be meaningful to any one 
of the students, regardless of which text had been studied. 
In early January a mimeographed collection of items entitled 
ematical Understandings was produced. This twenty-one page 
first draft contained 91 five-alternative, multiple choice 
questions that the investigator considered to be appropriate 
SorrinclusionjanstherSMUstest.» Copies. of the First Draft 
were circulated to members of the Subcommittee, and to staff 
members of the Faculty of Education and the Mathematics 
Department of the University of Alberta. Critical appraisal 
of the items was invited, and, on the basis of the comments 
received, many of the items were strengthened by the 
rephrasing of the stem or alternatives, several inappropriate 


items were deleted, and a number of new items were added. 


Secondary School Mathematics, Volume 1 (2 parts) and 
Introduction to. to Secondary School ol Mathematics, Volume 1 
Teacher's Commentary (New Haven and London: Yale Uni University 
Press, 1963); and the School Mathematics Study Group, Math- 
ematics for Junior High School, Volume 1 (2 parts); and 
Mathematics for Junior High iehi Schools ol, Volume 1, Teacher! S 


Seamonsa ty (New Haven and London: ndon: Yale le University Press, 
1961). 
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In the first week of February, a 75-item pilot study 


version of the test was mimeographed. In this version there 
were fifteen items from each of the five areas of understand- 
ing and the items were arranged so that every fifth item 
belonged to the same category (Measurement, Number Systems, 
Numeration, Geometry, or Problem Solving). The test was 
administered to 138 grade nine students (five classrooms) 
who were not part of the main experiment. Two of the 
classes had taken the complete grade eight STM course, two 
classes had completed Winston Mathematics, Intermediate 2, 
and the fifth class had studied a semi-traditional grade 
eight mathematics text. The students' answer sheets were 
scored, and the papers were placed in rank order from that 
with the highest score to that with the lowest, disregarding 
instructional group, and the individual student's item 
responses were recorded. The median score was established 
and indices of item discrimination were obtained by 
computing tetrachoric correlations with the criterion 
dichotomized at the hedtane Generally speaking, the 
higher the tetrachoric correlation for an item, the better 


is its power of discrimination between students who score 


334, J. Casebolt and W. T. Pace, "Chart for Com- 
puting Tetrachoric r with the Criterion Dichotomized at the 
Median" (Raleigh, North Carolina: North Carolina State 
Personnel Department, Division of Recruitment and Testing, 
In.d.]) (Mimeographed.) 
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well on the test as a whole and those who score poorly. In 
general, the ten most discriminating items for each of the 
five areas of understanding were chosen for inclusion in 
mie vechaberormeorvthetest.y Themdifficultyof ‘an item, 
judged from the percentage of students who answered the item 
correctly, also had some bearing on the choice of items 
where two or more had similar powers of discrimination. A 
Cop .o Sthelpilotestudy véersionsefethestest and a chart of 
the item discrimination indices and percentages of students 
passing each item is included in the Appendix. 

The final version of the Special Mathematical Under- 
standings (SMU) Test was mimeographed in late February. The 
items were arranged so that the first item dealt with a 
topic from Measurement, the second with Number Systems, the 
third with Numeration, the fourth with Geometry, the fifth 
with Problem Solving, the sixth with Measurement, and so on, 
so that every fifth item belonged to the same category. 

This arrangement was employed so that, if a student could 
not complete the test in the allotted time (which was 
estimated from observations made during the pilot study), no 
one category of items would receive a disproportionately 
smaller portion of his attention. Within each category, the 
items were arranged in the order of increasing difficulty as 
estimated from the pilot run. A copy of the final version 


of the SMU test is included in the Appendix. 
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It is believed that the SMU test has acceptable 

content validity for the purposes for which it was designed 
in view of the fact that the concepts that the items purport 
to test were derived largely from grade eight SMSG materials 
(the SMSG is a widely recognized and authoritative group in 
the field of school mathematics). Furthermore, responsible 
persons in the field of mathematics education have thor- 


oughly studied the items for weaknesses. 
IV. THE TESTING PROGRAM 


In late September, 1963, the Cooperative School and 
College Ability Test (SCAT), Form Wee was administered to 
all students involved in the experiment. Two scores were 
obtained from the administration of the test--a verbal 
ability (V) score and a quantitative ability (Q) score. In 
reported as having a Kuder-Richardson (Formula 20) estimated 
total reliability score of .95. The test is described in 


the same source as non-specific and indicative of a student's 


a addeiSogl Testing Service, Cooperative School and 
College Ability Tests, School Ability Test, Form 4A (Prince- 
ton: Cooperative Test Division, Educational Testing Service, 
50). 

o20g6ar Krisen Buros (ed.), The Fifth Mental Measure- 
ments Yearbook (Highland Park, N.J.: The Gryphon Press, 
1959), pp. 453-455. 
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ability to achieve at school work rather than of his actual 
achievement level. 

In September, 1963, the grade eight portions of the 
Arithmetic Concepts (AC) and Arithmetic Problem Solving (PS) 
administered to all students involved in the experiment. 

The IOWA test is reported in the Fifth Mental Measurements 


Yearbook> 


as havingralvotaivephit=halfyrebiability 
coefficient of .98 and sub-test reliability coefficients of 
Seemeximascly .CO. It is rated as an "evaluative" test 
designed to measure generalized educational skills over a 
wide range of ability. According to the reviewers, the 
IOWA Arithmetic Concepts test very ingeniously measures a 
wide range of mathematical experiences. "Computation is 
encountered in meaningful form in the problems subtest, 
although one gets the impression that the range of topics 
in this subtest is rather narrow, with an undue emphasis on 
money at the expense of items on capacity, weight, and 


138 


measures.' 


36m F. Lindquist and A. N. Hieronymus, Lowa Tests 
of Basic Skills for Grade 3-9 (Boston:. Houghton Mifflin 
Company, 1955), pp. 83-86 and pp. 93-95. 


3’Oscar Krisen Buros (ed.), The Fifth Mental Measure- 
ments Yearbook (Highland Park, N. J. : The Gryphon Press, 
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According to an IOWA test manual>?, the concepts 
used in building the Arithmetic Concepts (AC) sub-test are 
associated with knowledge of base-ten and Roman numeration 
(and coins), whole numbers, fractions, decimals, per cents, 
standard measures, geometric figures, and ratio and 
proportion’ 

The investigator would describe the Problem Solving 
(PS) sub-test as largely computationally oriented. Many of 
the questions involve calculations with money in social-type 
situations. 

In early March, 1964, the IOWA AC and PS sub-tests 
were re-administered. In addition, the SMU test was 
administered to all participating students. The development 
feecnie om Gest asi des¢ribed on pages 75 to 81 of this 
chapter. Using the responses from the 604 students who 
wrote the test, a Kuder-Richardson (Formula 20) reliability 
index of .83 was calculated for the SMU test by following 
Phe procéduré outlined by Gullixsen.’°°°Tne data used in 


calculating the reliability index are included in the 


Appendix. 


37 Towa Testerof Basic Skills, Manual for Admin- 
istrators, Supervisors, and Counselors (Boston: Houghton 
Perr liniGompany; 1956), pp. 69-70. 


neneia Gulliksen, Theory of Mental Tests (New York: 
John heey and Sons, Inc., 1950, Third Printing, March 1961), 
BD. 2c. 
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While the testing program was being carried out in 
March, the teachers involved in the experiment were asked to 
complete a questionnaire designed to gather information 
about the characteristics of the teachers and their opinions 
Oi cthie acexts «they were using.-.0On pages 117..t00127 in 
Chapter IV a summary of teacher characteristics and opinions 


gathered from the questionnaire is presented. 
V. NULL HYPOTHESES TESTED 


The data gathered from the testing program described 
on the preceding pages were used in statistical analyses 
designed to test the following null hypotheses: 


1. On the SMU test, there are no significant 
differences 
a) among the group mean scores obtained by STM, 
KMM, and CON students, 
b) «among. scholastic. ability level mean scores. 
2. On the [OWA AC sub-test, there are no significant 
differences 
a) among the group mean scores obtained by STM, 
EMM, and CON students, 
b) among scholastic ability level mean scores. 
3. On the ILOWA PS sub-test, there are no significant 
differences 
a) among the group mean scores obtained by STM, 
KMM, and CON students, 
b) among scholastic ability level mean scores. 


VI. STATISTICAL PROCEDURES 


Bach student who had written all of the tests 


administered in the course of the experiment was assigned an 
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identification number and his September AC, September PS, 
V, 9, SMU, March AC, March PS, and SCAT Total scores and his 
ID number were punched on an IBM card. The data thus 
entered on the 604 IBM cards were then processed as 
described in the succeeding paragraphs. A complete listing 
of the raw scores obtained by each student is included in 
the Appendix. 

Since rigorous experimental controls on the character- 
Reulcs O1 the groups could not be employed, the first 
consideration was to test for significant differences among 
the groups with respect to mean scholastic ability scores 
and mean arithmetic achievement scores in September. One- 
way analyses of variance were carried out to test the 
hypotheses that: 
There are no significant differences among the mean 
scores obtained by the groups studying STM, 
EMM, and CON materials on 
a) the September AC test, 
b) the September PS test, 
c) the September V test, 
d) the September Q test. 
The results of the analyses are summarized in Table IV on 
page 86. (More detail is supplied in the Appendix.) 
In Table 1V, and in succeeding tables that summarize 
the results of carrying out an analysis of variance, the 


following abbreviations are used: 


N represents the number of students' scores involved 


X represents a group mean score 
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MEAN SCORES AND F-RATIOS FROM ANALYSES OF VARIANCE 
ON SCORES FROM THE TESTING CARRIED 
OUT IN SEPTEMBER, 


GROUP N 


STM Sig 


EMM TU 


CON 148 


Anc 


THe 34 


Ang 
13.84 


14.66 


1h 6b 


pei 


1963 


F 44 62,601) a el 


38.79 


40.80 


4 47 
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Xn represents a group mean score on the IOWA 
Arithmetic Concepts test 

MS represents a mean square or variance estimate 

MSapp represents the between-groups mean square 

MS org represents the within-groups mean square 

Fepresents the F-ratio obtained. by dividing MSapp 


by MSupry 


a (2,601) represents the value of F required for 
Significance at the .01 level with 2 degrees of 
freedom associated with the MS app and 601 degrees 
of freedom associated with MS ry (Critical F- 


Cauio).. 

As shown immediately below Table IV, the critical 
F-ratio for a .01-level test and the associated degrees of 
freedom in this instance is 4.61. This means that there is 
a Significant difference between mean scores if the 
Bopropriate ratio exceeds 4.61. The use of a .01-level 
test ensures that a mean score difference would not be 
menesigaered sienificant unless it could only occur as a4 
result of sampling error in less than one out of one hundred 
such sample mean score comparisons. 

Inspection of the F-ratios in Table IV shows that 
there were significant differences among the group mean 
scores on the September IOWA Arithmetic Concepts (AC) test. 
The control group obtained the highest mean score on the 
AC test. However, no significant differences were observed 
among the group mean scores on the Sequential Tests of 


Educational Progress (STEP) arithmetic achievement test 
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88 
administered to the groups in May, 1963. Furthermore, 
before the September testing, two control group classes 
that had dropped out were replaced by two others, and two 
new STM classes were added to the experimental group. 
Consequently, it was decided to remove the effect of initial 
differences among the groups with respect to September AC 
scores by employing statistical controls when testing the 
hypotheses associated with the March AC scores. 

Table IV shows that the results of .01-level tests 
indicate no significant differences among the group mean 
scores on the September PS, V and Q tests. 

In order to divide the sample groups into scholastic 
ability levels so that the effects of the different 
instructional programs on students of different scholastic 
abilities could be assessed, the frequency distribution of 
Pie wacAT Tobaleey + Q)-scores was’ found and arbitrarily 
divided into thirds. Consequently, a student with a SCAT 
Total seore of 96 or above was classified as scoring in the 
upper third of the scholastic ability range. Students with 
SCAT Total scores from 83 to 95 scored in the middle third 
of the scholastic ability range, and those students whose 
SCAT Total scores were 82 or less scored in the low third. 
Examination of Table I on page 60 will show that students 
scoring in the upper third of the SCAT Total score 


distribution for the sample could be considered as having 
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89 
high scholastic ability (above the 90th percentile on test 
publisher's norms). Consequently this ability level is 
referred to hereinafter as the high ability level (HI). 
Similar considerations led the investigator to describe the 
seuneits 1h the middie third of the SCAT Total distribution 
as being of "high-average" (HAV) ability. Those students 
who scored in the low third of the SCAT Total distribution 
are described hereinafter as being average ability (AV) 
students. Accordingly, each student became classified by 
experimental group (STM, EMM, or CON) and by scholastic 
ebility level (HI, HAV, or AV). The number of students 
Seacsiiaed in each»cell is indicated in Table V on page 90. 

A chi square test carried out on the cell frequencies 
in Table V indicated that they were not significantly 
different from being proportional to the row and column 
Meters. * Since in this experiment the sample group sizes 
were in no way related to possible theoretical population 
Sizes, and since the cell frequencies may be considered 
proportional to the row and column totals, a two-way 
unweighted means analysis of variance was considered 
appropriate for testing the null hypotheses associated with 


the SMU and March PS ae Similarly, a two-way 


Octet is of the calculations involved in carrying 
out the chi square test are given in the Appendix. 
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TABLE V 


CKHLL FREQUENCIES FOR INSTRUCTIONAL GROUP AND 
SCHOLASTIC ABILITY LEVEL CLASSIFICATIONS 


eee 


SCAT ABILITY LEVEL 
GROUP TOTAL 
HI HAV AV 


510 102 pe 112 312 


TOTAL 193 203 208 604 
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unweighted means analysis of covariance, with September AC 
as the covariate, was considered appropriate for testing 
the null hypotheses associated with March AC scores as it 
was desired to remove the effect of the differences among 
the groups on the September AC scores. 

An assumption underlying the analysis of variance is 
that the error (within cells) variance is homogeneous. The 
tenability of this assumption for each analysis of variance 
carried out was confirmed by employing Bartlett's test as 
described by ror The simpler Hartley test or Cochran 
test could not be used because of the wide cell frequency 
range. 

Whenever statistical tests on the differences between 
means were carried out, .Ol-level critical values were used. 
Consequently, the conclusions reached in this report on the 
basis of statistical tests are relatively conservative since 
the probability of indicating a significant difference 
between means as a result of sampling error is only .O1. 

The computational procedures for the two-way 


unweighted means analysis of variance (ANOVA) described by 


Design (edition Il; New York: McGraw-Hill Book Company, 
Inc., 1962), p. 224; and R. L. Anderson and T. A. Bancroft, 
Statistical Theory in Research (New York: McGraw-Hill Book 
Company, Inc., 1952), pp. 278-279. 


+35, J. Winer, Statistical Principles in Experimental 
Design (edition II; New York: McGraw-Hill Book Company, Inc., 


1962), p. 95. 
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Ly 


Winer had been programmed for use with the University of 
Alberta's computer and the program was made available to 
the investigator. The ANOVA computer program was used to 
process the data to carry out statistical tests of null 
hypotheses 1a), 1b), 3a) and ab) be 

Tests on the significance of differences between 


pairs of group means were carried out as described by 


Dene. 9 The test istatistiesis given by 
A, ~ A, 
0 df = N - pq, where 
eM. eld 
nd 


A, is the mean of means for row 1 
Ay is the mean of means for row 2 
Be ee, is the pooled within cell variance 

N is the total number of scores involved 

nn is the harmonic mean of the cell frequencies 
p is the number of rows 

q is the number of columns 


df is the number of degrees of freedom. 


4s? 


The Newman-Keuls procedure was used to make compar- 
isons between ordered means within each of the high (HI), 


high-average (HAV), and average (AV) ability groupings. In 


Hane pp. 241-244. 


+53 66 page 84. 
L6 


Whmepyegopcit., p. 208. 
POpiiae, po. 101-103. 
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this procedure, the harmonic mean of the cell frequencies 
is used in the calculations and a fairly conservative test 
results. However, wherever contrasts appeared to be border- 
line as a result of the application of the Newman-Keuls 
procedure, it was decided to employ a Nt-testt t? to compare 
the cell means two at a time so that the different cell 
frequencies would be taken into account. 

Tests of null hypotheses 2a) and 2p) 19 were carried 
out by extending the two-way unweighted means analysis of 
variance procedure to a two-way analysis of covariance. 

The procedure used is an adaptation of that recommended by 


50 


Winer. This procedure was used because it was desired to 
partial out the effects on the March AC scores that would be 
caused by the differences observed among the group mean 
scores on the September AC test. 

The actual computational formulas used by the 
electronic computer for the analysis of variance and those 
feen by the investigator for the analysis of covariance are 


presented in the Appendix. 


The assumptions underlying the analysis of covariance 


Beep. ue. 


lo page 84. 


2OWiner, op. cit., p. 605. 
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9 
were tested as suggested by Winep.?. With the March AC 
score as the criterion and with the September AC score as 
the covariate, the major assumptions underlying the 
analysis of covariance were found to be satisfied. 

The present chapter has been a description of the 
nature of the components of the experiment, of the exper- 
imental design and of the statistical procedures followed 
in analyzing the data. The following chapter presents the 


results of the analysis of the data. 


o'waner, op. cit., pp. 586-588. 
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CHAPTER IV 
THE RESULTS OF THE INVESTIGATION 
I. FINDINGS FROM THE STATISTICAL ANALYSES 


In general in this chapter, each of the null 
hypotheses tested is stated immediately before the presenta- 
tion of the results of the appropriate statistical tests. 

A simple interpretation follows the presentation of each 


feu Ol TesuLtus. 


Null Hypothesis 1 
On the SMU test, there are no significant differences 
a) among the group mean scores obtained by the SIM, 
KMM, and CON students, 

b) among the scholastic ability level mean scores, 

e)—attributable-to interaction. 

Table VI lists the SMU test cell means and Table VII 
summarizes the analysis of variance carried out on the SMU 
best—scores.— The abbreviation, 55,;-used in Table VII for 
the first time, represents the "sum of squares" or the "sum 


of the squares of the differences between each score and 


; - 2 
its particular group mean" [i.e., F(X; - X,.) Jes 


Conclusions. Since the observed F-ratio (56.98) for 


comparisons among group mean SMU scores exceeded the 
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TABLE VI 
SMU TEST CELL MEANS 
GROUP HI HAV AV arte 
STM 26.55 KS 20 14,20 19.82 
EMM 28.28 21.16 17 44 22.29 
CON Ai? 15.39 1259 ‘0 
GRAND MEAN 19.38 
TABLE VII 
SUMMARY OF ANALYSIS OF VARIANCE OF SMU TEST SCORES 
SOURCE ss df MS F 
GROUP 3,479.19 2 1,739.59 56 .98** 
ABILITY 10,560.69 2 5,280.35 172.96 ** 
INTERACTION 133 mn 33.45 10 
WITHIN 18,166.94 595 30.53 


F 9, (4,595) = 3.32 


F yy 623995) = 4.61 
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97 
eritical value (4.61), Null Hypothesis 1a) was rejected. 
Since the observed F-ratio (172.96) for comparisons 
among ability level mean SMU scores exceeded the critical 
value (4.61), Null Hypothesis 1b) was rejected. 
Since the observed F-ratio (1.10) attributed to 
interaction did not exceed the critical value (3.32), Null 


Hypothesis ic) was accepted. 


Interpretations. Significant differences among the 
group (treatment) SMU test mean scores and among the 
ability level SMU test mean scores were observed. The 
interaction effect was not statistically significant. 

Since significant differences were found among the 
three group mean scores on the SMU test, the group means 
were compared two at a time to discover between which group 


means Significant differences occurred. 


Tests on Pairs of Group Mean Scores on the SMU Test 


Null Hypothesis 1 a) 
On the SMU test, there are no significant differences 
(1) between the STM and EMM group mean scores, 
(2) between the STM and CON group mean scores, 
(3) between the EMM and CON group mean scores. 


The results from the appropriate t-tests! were as 


‘Winer, op. cit., p. 208. 
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follows: 


Tave (takis 4.18 


STM vs EMM ~ 
STM vs CON = O41 t 64 (595) = 2.33 


ney (30% teymM vs CON = 10.60 


had b2twest 


Conclusions. Since every one of the above t-tests 
exceeded the critical value (2.33), Null Hypotheses 1a) (1), 


je (2), and ta) (3) were all rejected. 


Interpretations. The mean scores obtained on the 
SMU test by the STM and EMM groups were significantly 
different and the EMM group mean score was the higher .* 
The mean scores obtained on the SMU test by the STM and EMM 
groups were significantly different from that obtained by 


the CON group, and the STM and EMM group mean scores were 


higher. 


In order to make comparisons between the groups at 


3 


each ability level, the Newman-Keuls procedure~ was used. 
In Table VIII on page 100, the high ability cell means for 
the STM, EMM and CON groups are ordered from least to 


greatest as the table is read from left to right or top to 


“See Table VI on page 96. 
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bottom. For each contrast there is a double entry in the 
body of the table. The upper entry is the absolute 
difference between the mean scores being compared. The 
lower entry, enclosed by parentheses, is the critical .0O1- 
level difference between the means. If the absolute 
difference exceeds the critical difference, the means are 
considered to be significantly different. 

The studentized range statistic, which is used in 
calculating the critical mean difference, is a function of 
the number of steps between the means when they are arranged 
on an ordered scale. It is also a function of the number of 
degrees of freedom and the rule of behavior used. In the 
contrasts made in Table VIII, the number of steps between 
means is either two or three, the number of degrees of 
freedom is 595, and the rule of behaviour used is specified 
by setting alpha equal to .01. If the studentized range 
Suguistic is denoted by q, the critical difference between 
means is given by: 

LMS oy, 1a where MS. my, is the pooled within-cell 
variance, and 


n, is the harmonic mean of the cell frequencies. 


h 
For the contrasts presented in Table VIII, the follow- 
ing figures are required: 
2 Steps 3 Steps 
Studentized Range Statistic, q 3.64 L.12 


Critical Mean Difference 2.64 2.99 
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TABLE VIII 


TESTS ON DIFFERENCES BETWEEN ORDERED HIGH ABILITY CELL 
MBEAN SCORES ON THR SMU TEST 


GROUP CON STM EMM 
MEANS en 07 26.55 28.28 
CON Pecorege abl 5 4G «x 7 21k 
(2.64) (2.99) 
STM 26.550 en Le 


(2.64) 
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Referring to Table VIII one finds that each of the 
STM and EMM high ability cell mean scores on the SMU test 
was significantly different from the high ability cell CON 
mean score, and the STM and EMM means were higher. The 
difference between: the high ability cell STM and EMM mean 
scores on the SMU test was not statistically significant. 

Table IX and Table X summarize the findings of the 
Newman-Keuls procedure as applied to the high-average 
ability level cell means and to the average ability level 
cell means on the SMU test. 

Referring to Table IX on page 102, one finds that 
each of the high-average ability level cell means for the 
STM and EMM groups was significantly different from the 
high-average ability CON mean score on the SMU test, and 
the STM and EMM means were the higher. Since the contrast 
between the high-average ability mean scores on SMU for the 
STM and EMM groups was discovered to be a borderline case 
by considering the effects of using the two actual cell 
frequencies rather than On iY tne calculation of the critical 
mean Oifference,, a potest’ was carried out with the following 
results: 


tuay STM vs HAV EMM 7 2°69 € (916995) = 2.33 


One would conclude that the difference between mean SMU 


eye nan op. cit., p. 244. 
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TABLE IX 


TESTS ON DIFFERENCES BETWEEN ORDERED HIGH-AVERAGE ABILITY 
CELL MEAN SCORES ON SMU 


GROUP CON STM EMM 
MEANS 15.39 LS £30 air. 1 
CON eS. 9 3.31 ** Deere 
(2.64) (2.99) 
STM Lose between STM end COM ma. 2.46* 
(2.64) 
TABLE X 


TESTS ON DIFFERENCES BETWEEN ORDERED AVERAGE ABILITY 
CELL MEAN SCORES ON SMU 


GROUP CON STM EMM 
MEANS 44.59 14.20 7 

CON 11.59 9 =---- 2.61* 5. 85%** 
(2.64) (2.99) 
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scores obtained by students in the high-average ability 
range was significant and that the EMM cell mean was the 
higher. 

Reference to Table X shows that in the average 
ability range, the cell means on the SMU test for the EMM 
and CON groups were significantly different and the EMM cell 
mean was the higher. Similarly, the EMM and STM cell means 
were significantly different with the EMM cell mean the 
higher. The contrast between STM and CON mean scores on the 
SMU test in the average ability range was borderline, so 4 
t-test was employed, producing the following results: 

tay STM vs AV CON = 2799 = t94 6995) = 2.33 
Consequently, one would assert that in the average ability 
range there appeared to be a significant difference 


between STM and CON cell means on SMU with the STM mean the 


higher. 


Summary 

On the basis of the preceding tests, the investigator 
concluded that the EMM students scored significantly higher 
than the STM students except in the high ability range. At 
all three ability levels, the STM and EMM students scored 
higher than the CON students on the SMU test. Figure 1 on 
the following page graphically illustrates the relationships 


among the mean scores for the groups on the SMU test. In 


£0! 


ytiftde omeve-dgtd edt of etisbite Yd beatssdo 


a4 


eit caw asom [les MMG oft Fens Oote neoltingle sew 93) 


nave edd nk tedt enone Roeldel oF oone iene 


MME aig “o't teet UMS sat so aneem [feo Smo .sgnet ae 


. es : 
{fes MMS odt bone snsiocTtibh yivnesttingis etew equote mes 
- 


rm 


sneem Cloo MTA boe MMHG ont ,yftelinke .gedgid ene core 
ott osen [foo MMU ait dtiw tnetettip ylinsoliiogte e9 

wit ne esioc2 nest | ois MEG asewted teenttnos edt Vea 
snil«si sew ssnet ytifids egsteve edt af Tear 
‘wolfo't add sokteubow, ,beyoignsa Bw 
ERC AH, 7 9-5 = yoo VA av MTS va 

yiitids saetove sod ot gedd dneeee Disow Ono , (Lineups 
onesie Ytitb tnesilingle e od od betesqgEe Siege ost 7 

UMS no 2ensem [feo WOO Sas Tax 


edit seem MTS edd ddtw 


notssitesvnt ent ,eteet unthesetq edd Yo ehead eft av 
“enstd vienseltfagte bercee etnebude MM so? FB debuts 
JA .eynet yrilide dyle eld al vqesxe efnedude MTS a 
hoto ns esasbute MNG bes MDS shit .efevel utiites % end ; 
oof eivght .dees UME ond po staebutea, N09 oat ne : | 
eqidenolislex st vedertenStt vifsotiqsets sgsq- 


al steed UME ott no equota eft tot estc.ce 


Raw Mean Score on SMU Test 


Ry) 


30 


eae) 


20 


15 


AV HAV HI 
SCAT Ability Level 
FIGURE 1 
THE RELATIONSHIPS BETWEEN MEAN SMU SCORES 


FOR THE THREE INSTRUCTIONAL GROUPS 
AT THE THREE ABILITY LEVELS 
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the Figure the cell mean scores on the SMU test are plotted 


against SCAT ability level for each group. 


with September AC Scores as Covariates 


Null Hypothesis 2 

On the March AC test, there are no significant 
differences 

a) among the group mean scores obtained by the STM, 

KMM, and CON students, 

Dieamone the scholastic ability level mean scores, 

ey"attributable to interaction. 

Since there were significant differences among the 
group mean scores in September on the AC test and since it 
was desired to remove this initial bias statistically, 
Null Hypothesis 2 was tested by carrying out a two-way, 
unweighted means analysis of covariance. The covariate was 
the September AC score for each student and the criterion 
was the corresponding March AC score. The procedures 
followed and the intermediate results obtained in carrying 
out the analysis of covariance are presented in the 
Appendix. 

Table XI on page 106 presents the results of the 
analysis of covariance on the March AC scores with the 


September AC scores as covariate. Table XII lists the March 


AC cell means adjusted and unadjusted for the effect of the 
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TABLE XI 


SUMMARY OF ANALYSIS OF COVARIANCE: MARCH AC SCORES 
ADJUSTED FOR THE EFFECT OF SEPTEMBER AC SCORES 


SOURCE Ss! df MS! F! 
GROUP 66.01 2 33.01 1.89 
ABILITY 1,479.28 2 739 .64 4.2. 38** 
INTERACTION 76.93 L, i 23 1.10 
WITHIN 10,366.06 594. 17 45 

F 54625594) = 4.61 dy a cal 2iqy@p 
TABLE XII 


MARCH AC CELL MEANS ADJUSTED AND (UNADJUSTED) 
FOR THE EFFECT OF SEPTEMBER AC SCORES 


GROUP 
HI HAV AV MEAN 
STM 33 44 Ehoeree 27.14 30.56 
ey ae (29.67) el eivs (29.58) 
EMM ah. .07 2) ati 28.93 21.40 
(40363) (30,420 (24.02) (31.06) 
CON §5806 31.50 28.40 30.97 
(38.98) (33.26) (24.61) (32.29) 


GRAND MEAN 30.98 
(30.98) 
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September AC scores. 


Conciusions. HKxamination of Table XII and the 
critical F-ratios led the investigator to make the follow- 
ing decisions: 

Null Hypothesis 2a) was accepted, 

Null Hypothesis 2b) was rejected, 


Null Hypothesis 2c) was accepted. 


Interpretations. The observed adjusted F-ratio (1.89) 
associated with comparisons among group means did not exceed 
the critical F-ratio (4.61). Consequently, the differences 
among the group mean March AC scores adjusted for the effect 
of September AC scores were not statistically significant. 
There were significant differences among the adjusted mean 
scores on the March AC test for the three different 
scholastic ability levels. The interaction effect was not 


PracLstically significant. 


Summary. When the effects of the differences 
among group mean scores on the September AC test were 
partialled out, there were no significant differences 
among the group mean scores on the March AC test. Since 
the contrasts among ability levels were still significant 
after the initial bias was removed, it might be postulated 


that the different ability groups learned at different rates 
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over the course of the 1963-64 experiment, which is as one 
would expect. On the other hand, the different instructional 
groups did not show a significant gain or loss with respect 
to one another in their scores on the AC test. Figure 2 on 
page 109 displays the relationships among the groups 
graphically by showing adjusted mean March AC scores plotted 


against ability level for each instructional group. 


Null Hypothesis 3 

On the March PS test, there are no significant 
differences 

a) among the group mean scores obtained by the STM, 

EMM, and CON students, 

b) among the scholastic ability level mean scores, 

c) attributable to interaction. 

Since no significant differences were observed among 
the group mean scores on the September PS test, a two-way, 
unweighted means analysis of variance was carried out with 
the March PS scores...Table XIII. on. page.t10.lists.the-cell 
mean scores on the March PS test, and Table XIV summarizes 


Bie results of analysis ofevariance carried out on the 


March PS scores. 


Conclusions. Examination of Table XIV and the 
critical F-ratios led the investigator to make the 


following decisions: 
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AV HAV HI 


SCAT Ability Level 
FIGURE 2 
THE RELATIONSHIPS BETWEEN MEAN MARCH AC SCORES (ADJ.) 


FOR THE THREE INSTRUCTIONAL GROUPS 
AT THE THREE ABILITY LEVELS 
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TABLE XIII 


MARCH PS TEST CELL MEANS 


GROUP HI HAV AV ae 
STM 20.89 16.23 i315 16.76 
EMM 20.78 16.89 14.197 WeZes 
CON 22 2413 1LOA02 14.64 1200 

GRAND MEAN 1745 
TABLE XIV 
SUMMARY OF ANALYSIS OF VARIANCE OF MARCH PS TEST SCORES 
SOURCE Ss df MS F 
GROUP 212.34 2 10651.7 5 GOte 
ABILITY 4,644.98 2 2,322.49 22, 52"* 
INTERACTION 20514 Uy 6.53 0.34 
q WITHIN 11,278.42 595 18.96 
Beco oT) — ato Foy, (4+, 59%) a2 3532 
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Null Hypothesis 3a) was rejected, 
Null Hypothesis 3b) was rejected, 


Null Hypothesis 3c) was accepted. 


Interpretations. There were significant differences 
among the group (treatment) mean scores and among the 
ability level mean scores on the March PS test. The inter- 


M.LOn eliect was not statistically significant. 


Tests on Pairs of Group Mean Scores 


Null Hypothesis 3 a) 
On the March PS test, there are no significant 
differences 
(1) between the STM and EMM group mean scores, 
(2) between the STM and CON group mean scores, 
(3) between the EMM and CON group mean scores. 
The results of the appropriate t-tests were as 
follows: 
3a) (1) tomy ys EMM = 1°12 
3a) (2) tom ys con = 3°29  & 916999) = 2-33 


3a) (3) toy ys con = 2:17 
Conclusions. Null Hypotheses 3a) (1) and 3a) (3) 
were accepted, but Null Hypothesis 3a) (2) was rejected. 


Interpretations. The STM and EMM group means on the 
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March PS test were not significantly different. The 
difference between the STM and CON group mean scores on the 
March PS test was significant and the CON mean score was 
higher. The EMM and CON group mean scores on the March PS 


Gest were not significantly different. 


Table XV and Table XVI, which appear on the following 
page, present summaries of the application of the Newman- 
Keuls procedure to test differences between March PS cell 
means in the high ability range and the high-average ability 
range, respectively. 

Examination of Table XV would lead one to conclude 
that in the high ability range there were no significant 
differences between the ordered STM, EMM and CON cell means 
on the March PS test. Table XVI shows that in the high- 
average ability range there were no significant differences 
between ordered STM, EMM and CON cell means on the March PS 
test. However, the CON vs STM contrast was found to be 
porderline by substituting n = 112 for Ny making the 
critical mean difference 1.70 (instead of 2.35) The 
application of a t-test produced the following result: 

tuay CON vs HAV STM = 2:98 = t,91 6999) = 2-33 
Consequently, one could state that there was a Significant 


difference between CON and STM cell means on the March PS 
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TABLE XV 


TESTS ON DIFFERENCES BETWEEN ORDERED HIGH ABILITY CELL 
MEAN SCORES ON THE MARCH PS TEST 


GROUP EMM STM CON 
MEANS 2098 20.89 ee 
EMM “ei; (er Oo 1 a5 
(2.08) C2 .35) 

STM PO ee sy i) OM Oo ue a eeete 1,04. 
(2.08) 


Studentized Range Statistic, q 3.64 4.12 
Critical Mean Difference ZG 2 45 
TABLE XVI 


TESTS ON DIFFERENCES BETWEEN ORDERED HIGH-AVERAGE ABILITY 
CELL MEAN SCORES ON THE MARCH PS TEST 


GROUP STM EMM CON 
MEANS 16.23 16.89 vee Ve 
STM 16.23 ----- 0.66 1.89* 
(208) (2,45) 

EMM TES Are pLolves BRAINS. Se sey Me 
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test and that the CON cell mean was the higher. 

Table XVII on the following page summarizes the find- 
ings from the application of the Newman-Keuls procedure to 
the average ability level cell means, and it shows that in 
the average ability range there were no significant 
differences among the STM, EMM or CON cell mean scores on 


mire arch ‘Fb test*. 


Summary 

On the March PS test, the CON group as a whole 
scored significantly higher than the STM group but not 
Significantly higher than the EMM group scored. The 
difference between EMM and STM group mean scores on the 
Peach Po test was not statistically significant. In the 
high and average ability ranges, no significant differences 
were found between any two cell mean scores on the March PS 
test. However, in the high-average ability range, a 
Significant difference was found between the CON and STM 
cell mean scores with the CON mean score the higher of the 
two. Neither of the EMM vs STM or EMM vs CON contrasts 
Showed significant differences in the high-average ability 
range. Figure 3 on page 116 displays the relationship 
among the groups! scores graphically. The cell mean scores 
on the March PS test are plotted against ability level for 


each of the three instructional groups. 
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TABLE XVII 


TESTS ON DIFFERENCES BETWEEN ORDERED AVERAGE ABILITY 
CELL MEANS ON THE MARCH PS TEST 


GROUP STM EMM CON 
MEANS 1.3215 14.17 14.64, 

STM 13.15 wee we? 1.49 
(2.08) SR bP 

EMM re 0.47 


_—- p aT. 
i ? tt A594 


7 
r fi7% 


A SOLS VA. GERS "WASWIGA SADVATABTEIC WO Stet s 
wat 2 aa’ SHT WO SHARSM LISS 


— ——— - ~ — - 
—— —_ oa EE 
™“ 
me 
ooo _ _— —_ ———— a 
‘ . 
. Lo ‘ 
— —_ — AS ——— 
— << 
} 
-_ —— — eee 
- - 


Raw Mean Score on March PS Test 


116 


AV HAV HI 


SCAT Ability Level 
FIGURE 3 
THE RELATIONSHIPS BETWEEN MEAN MARCH PS SCORES 


FOR THE THREK INSTRUCTIONAL GROUPS 
AT THE THREE ABILITY LEVELS 


LE AF Va 


2 a (A TAQS 
rel 2 38) ] yy 


BaHOE BS HOAAM ARM NGRWIRE SALHEMOT TAA SHT 


2TUOHD IAMOLTOUATANT SMAHT BHT HO 
giaval YITIIGA SOME BET TA 


in 7 
II. SUMMARY OF TEACHER QUESTIONNAIRE FINDINGS 


In March, 1964, the teachers involved in the exper- 
iment were asked to complete a questionnaire. The ques- 
tionnaire had a two-fold purpose: to obtain information on 
the characteristics of the teachers in the different 
instructional programs and to solicit teacher evaluations 
of the STM and EMM programs. A summary of the information 


gathered from the responses to the questionnaire follows. 


Time Factors 

Information on the average classroom instruction 
time received by classes in each of the three instructional 
groups, on the average teaching load of teachers in each of 
the instructional groups, and on the average number of 
years of teaching experience possessed by the teachers in 
each group is presented in Table XVIII on the following page. 

While data of this type does not lend itself to 
rigorous statistical analysis, it can provide interesting 
contrasts. For example, even though it appears that, on 
the average, STM and EMM teachers spent more minutes per 
week instructing their mathematics classes than the CON 
teachers did, the STM and EMM teachers were more heavily 
loaded and had considerably less released instructional 


time per week than the CON teachers. On the average, 
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TABLE XVIII 


AVERAGE CLASSROOM INSTRUCTIONAL TIME, TEACHING LOAD, 
AND YEARS OF TEACHING EXPERIENCE 
FOR EACH GROUP OF TEACHERS 


STM EMM CON 


Average length of classroom period 
in minutes 36 38 LO 


Average time spent in teaching each 
class involved in the experiment 
in minutes per week pape 201 180 


Average teaching load in minutes per 
week spent in actual classroom 
instruction 1348 1380 1200 


Average amount of time each teacher 
was released from classroom 
instruction or supervision in 
minutes per week 146 105 204 


Average number of years of teaching 
experience per teacher 10 iz ie 


Average number of years each teacher 
had taught grade seven mathematics * 5 3 


Average number of years each teacher 
had taught grade eight mathematics 6 6 8 
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the three groups of teachers seemed to have taught similar 
lengths of time both in total and in the teaching of math- 
ematics at the grades seven and eight levels. On the 
following page, Figure 4, a bar graph, depicts the propor-* 
tions of the total grade seven and eight STM or EMM course 
that each teacher actually covered in approximately sixteen 
months (1.6 school terms or 80% of a two-term course). The 
proportions were obtained by dividing the number of chapters 
actually covered in a particular series by the total number 
of chapters in the two-year sequence of that series. 
Consequently, the comparisons are by no means precise, but, 
considered as a whole, the bar graph does seem to indicate 
a striking contrast between the degrees to which each group 
of teachers was able to successfully proceed through a 
particular course on schedule. The teacher code numbers 
S1, S2, S3, S4+, S5, and S6 represent STM teachers and their 
classes while the code numbers E1, E2, E3, and E+ represent 
EMM teachers and their classes. Wherever a teacher 
instructing more than one class had indicated different 
coverages for the classes, one bar is shown for each class 
(For example, bars Sia and Sib represent the coverages for 
two different classes taught by the same teacher.). The 
vertical scale on the bar graph represents the proportion 
of the total course covered. The average course coverage 


appears to have been between 60 and 65 per cent for the STM 
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classes and nearly 75 per cent for the EMM classes. 


Teacher Characteristics 

Although it is virtually impossible} to, rate. a 
teacher's effectiveness on the basis of his university 
course background or participation in special courses, or, 
for that matter, on the basis of the number of years he has 
taught, it is nevertheless natural to wonder how the math- 
ematics course background and the numbers of years of 
teaching experience of each of the three groups of teachers 
compare. Table XIX on page 122 presents in summary form 
the information collected from the teachers with respect 
to mathematics course background and with respect to the 
number of years of teaching experience for each individual 
teacher. Each of the columns represents a single teacher 
in oneeof the instructional programs, and an "X" in a column 
opposite the description of a course indicates that the 
teacher represented has taken that course. 

Inspection of Table XIX would lead one to conclude 
that the STM, EMM, and CON groups of teachers had comparable 
training in their backgrounds to assist them in the inter- 
pretation of modern school mathematics curricula. Some of 
the EMM and CON teachers did have a greater number of 
conventional mathematics courses in their backgrounds than 
any of the STM teachers had, but whether this eventuality is 


Significant or not is a matter for conjecture. 
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Thus far, a description of time factors and teacher 


characteristics has been given. In the following sub- 


sections a summary of the participating teachers! evaluations 


of the new text materials is given. 


Comments on the Difficulty of the Text Materials 


KHach point entered in the summaries under the above 


sub-heading represents one teacher's comments. 


Comments from STM Teachers. 


ine 


The theory is too heavy for slower students; 
the SIM materials are too difficult for the 
grade eight level; the vocabulary is too 
extensive, but the use of symbols is not; 
geometry, proofs, and problems in three 
variables are found to be the most difficult. 


; vome materia. ais,.too difficult for. .slow.learners-- 


the -difficukty lies in«archild'ts ability .to.read 
and then reason; the vocabulary and use of 
symbolism are not too extensive. 


. As with other courses, slow learners find the 


material difficult even though it is suited to 
the grade level; the geometry sections are 

found the most difficult; the vocabulary and use 
of symbolism are not too extensive. 


. the terms and definitions used need modification 


for slow students, but the material in the 
course is suitable even for slow students; the 
brprecausion and Accuracy” section is difficult; 
the vocabulary and use of symbolism are not 
found too extensive; the material is challenging. 


The exercises in Book 2 are found too difficult 
for slow or mediocre pupils; the text is not 
easy for a child to reads; the vocabulary is "all 
right"; the text in present format would never 
do for the average student--the question approach 
used to develop ideas often obscures general- 
izations and rules--needs to be condensed and 
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simplified; the basic ideas in the texts are 
excellent. 


6. The text materials are very difficult; slower 
students should be segregated TOr special 
treatment; the material is suitable for the 
grade level, but the new terminology is used 
to no advantage in a burdensome way. 


Comments from EMM Teachers. 


1. The material is generally not too difficult for 
students; slow students require more explan- 
ation and reinforcement; mathematical proof, 
negative integers, and generalized definitions 
give some difficulty. 


enti some cases the material is too difficult for 
slow pupils; the vocabulary and use of symbolism 
are suited to the grade level. 


3. The section on proofs seems too difficult for any 
but the best students; there is qa large amount 
of material in the texts that is suitable for 
even the mediocre student; the section on 
exponents gives some difficulty; the material 
is generally suitable for the grade level; no 
difficulty is encountered with symbols. 


4, The "theoretical-axiomatic" approach is too 
difficult for slow students, but the content is 
not; many of the proofs seem only of value to 
brighter students; the material is challenging; 
no difficulty is encountered with vocabulary or 
symbols. 


Comments on Provisions for Maintaining Computational Skills 


Comments from STM Teachers. Four teachers said that 
the STM program contains sufficient practice and drill for 
maintaining basic computational skills, but two said that it 
does not. One teacher indicated that there is not suffi- 


Cient drill on fractions and another said that there should 
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be daily drill on basic computational exercises, fundamental 


operations, integers, fractions, etc. 


Comments from EMM Teachers. Three teachers said that 
the EMM program contains sufficient practice and drill for 
maintaining basic computational skills, but one teacher 


indicated that computation is not reviewed often enough. 


Comments from STM Teachers. Four teachers said that 
the STM program contains sufficient review and reinforcement 
of the concepts presented, but one teacher said that it does 
not in every case and that the difficult material "squelches" 
the interest of many pupils. Another teacher commented that 
there is sufficient review only if more drill is given when 


the concepts are introduced. 


Comments from EMM Teachers. All four teachers said 
that there is sufficient review and reinforcement of the 
concepts presented in the EMM program, but some felt that 
the teacher must be held largely responsible for supplying 


Supplementary reinforcement. 
Comments on Pupil Interest 


Comments from STM Teachers. Five teachers said that 


there was much more student interest in the STM program than 
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in the currently authorized grade eight mathematics text. 
However, one teacher said that pupils were not interested 
because they were under the impression that the series 
would not be continued the following year. The same teacher 


indicated that the brighter students were not working. 


Comments from EMM Teachers. Three teachers felt that 
there was greater student interest in the EMM program than 
in the currently authorized grade eight mathematics text, 
but one teacher remarked that the materials did not impress 
some students as being useful, and he indicated that student 
interest was about the same or a little less than that in 


the conventional course. 
Comments on Problem Comprehension 


Comments from STM Teachers. Five of the teachers 
said that there was improvement in the students' ability 
to read and understand problems as the course proceeded. 
One teacher commented that the students used their STM 
problem solving approach in science (which she also taught). 
Another teacher said that the students could adjust to a 


variety of problem situations using the concepts learned. 


Comments from EMM Teachers. One teacher felt that 
there was noticeable improvement in the ability of students 


to read and understand a problem, and another teacher 
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mentioned the emphasis on algebraic solutions. However, 
two teachers felt tnat there was no noticeable improvement 
in student problem solving ability. One teacher commented 
that problem solving is not emphasized in EMM, identifying 


this as a shortcoming. 
ITI. CHAPTER SUMMARY 


In all cases in the treatment of data from this 
experiment, the difference between two means was considered 
To be Sstatistacally.significant. only if the probability of 
observing such a difference as a result of sampling error 
was .01 or less. 

For all comparisons made between group means and 
between cell means at each of the three ability levels, 
the EMM mean scores on the SMU test were higher than the 
STM mean scores which, in turn, were higher than the CON 
mean scores. The differences between these means were 
tested for statistical significance by carrying out a 
two-way analysis of variance, by using appropriate t-tests, 
and by following the Newman-Keuls procedure. The only 
difference between means that was not found to be statis- 
tically significant was that between the high ability cell 
means on the SMU test for the STM and EMM groups. All of 
the other differences between mean scores were found to be 


significant at the .01 level, favouring EMM over STM and 
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STM over CON on the SMU test. 

A two-way analysis of covariance with the March AC 
scores as criterion and the September AC scores as covariate 
showed no significant differences among the STM, EMM, and 
CON group means. 

For all comparisons made between group means and 
between cell means at each of the three ability levels, the 
CON mean scores on the March PS test were higher than the 
EMM mean scores which, in turn, were higher than the STM 
mean scores. The differences between these means were 
tested for statistical significance by carrying out a 
two-way analysis of variance, by using appropriate t-tests, 
and by following the Newman-Keuls procedure. The difference 
between the CON group mean and the EMM group mean on the 
Merch PS tést twasiHot. statistically significant, nor'was 
the difference between the EMM group mean and the STM group 
mean. However, the CON group mean on the March PS test was 
significantly different from the STM group mean. The only 
other difference between mean scores that was found to be 
statistically significant was that between the high-average 
ability level cell means for the CON and STM groups on the 
March PS test. Both differences favoured the CON group over 
the STM group. All other cell mean contrasts within ability 
levels did not result in significant differences at the .01 


level. 
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Examination of teacher responses to the questionnaire 
led the investigator to the following conclusions: 


1. The teaching groups involved in the experiment 
were not markedly different from one another 
with respect to classroom time spent in 
teaching the classes involved in the experiment 
or with respect to teaching experience. The 
CON teachers did indicate an average of one and 
one-half hours per day more released teaching 
time than the STM and EMM teachers did. 


2. On the average, the EMM teachers had covered a 
greater proportion of their course than the 
STM teachers had (75 per cent versus about 63 
per cent) by the time 80 per cent of the two- 
year course time had elapsed. 


3. The STM, EMM, and CON teachers, considered as 
groups, evidenced similar amounts of special 
training in their backgrounds that would assist 
them in the interpretation of "modern" school 
mathematics curricula. Some of the EMM and CON 
teachers did have more extensive conventional 
mathematics course backgrounds than the STM 
teachers had, but the effect that this back- 
ground would have on their ability to interpret 
"modern" mathematics curricula is an open 
question. 


4, Some teachers found the theory, some exercises, 
and some of the terminology in STM to be too 
difficult for slower students. The EMM 
terminology was not found difficult, but many 
students did have trouble with mathematical 
preot. 


5. The majority of the teachers felt that computa- 
tional skills were maintained effectively in 
the STM and EMM materials, but a few did not. 


6. Both the STM and EMM programs received generally 
favourable comments with respect to review of 
concepts presented and with respect to the 
arousal of pupil interest. 


7. The STM approach to problem solving was praised 
by the STM teachers. Some concern was expressed 
regarding the lack of a unified problem solving 
approach in the EMM materials. 
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CHAPTER V 


SUMMARY, CONCLUSIONS, LIMITATIONS, AND 


IMPLICATIONS FOR FURTHER RESEARCH 
I. PURPOSE OF THE STUDY 


The purpose of the study was to gather experimental 
evidence that could be used as a basis for evaluating the 
relative effectiveness of "modern" and "traditional" grade 
eight mathematics text materials. The experiment was so 
designed that data could be gathered and analyzed to shed 
light on the following questions: 


1. Do grade eight students score any higher on a 
Special test of basic mathematical. understand- 
ings if they study Seeing Through Mathematics 
or Exploring Modern Mathematics text materials 
rather than the Winston Mathematics text? 

2. Do grade eight students score as well on a 
conventional arithmetic test if they study 
Seeing Through Mathematics or Exploring Modern 
Mathematics text materials rather than the 
Winston Mathematics text? 

3. How do grade eight students who have studied 
Seeing Through Mathematics compare with grade 
eight students who have studied Exploring 
Modern Mathematics on the basis of scores 
obtained on a special test of basic math- 
ematical understandings and on the basis of 
scores obtained on a conventional arithmetic 
test? 

4, If the use of Seeing Through Mathematics or 
Exploring Modern Mathematics texts does have a 
noticeable effect on the mathematical 
performance of grade eight mathematics students 
in general, does this effect hold for students 
at various levels of scholastic ability or is 
the effect any more pronounced at one ability 
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level than it is at another? 

5. How are the Seeing Through Mathematics and 
Exploring Modern Mathematics series regarded 
by teachers who have used them? 


Ii. THE NATURE OF THE EXPERIMENT 


Twenty-two classes of grade eight students and 
fourteen teachers were involved in the experiment in the 
1963-64 school term. Eleven classes studied Seeing Through 
Mathematics (STM) materials, five classes studied Exploring 
Modern Mathematics (EMM) materials, and six classes studied 
Winston Mathematics (CON) text materials. 

Late in September, 1963, the Cooperative School and 
College Ability Test (SCAT), Level Four, and the Iowa Tests 
of Basic Skills (IOWA), Form 1 (Arithmetic Concepts and 
Problem Solving Sections) were administered to all students 
involved in the experiment. In March, 1964, the IOWA tests 
were readministered along with a Special Mathematical 
Understandings Test (SMU) that had been developed by the 
investigator. 

On the basis of SCAT Total scores obtained by the 
students, average (AV), high-average (HAV), and high (HI) 
scholastic ability categories were established. As a result, 
each student was identified as belonging to a particular 
instructional group (STM, EMM, or CON) and a particular 


scholastic ability level (AV, HAV, or HI). 
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Null hypotheses were drafted from the questions< for 
which the study was designed. The acceptability of each of 
the null hypotheses associated with the IOWA Problem Solving 
and the Special Mathematical Understandings test scores was 
tested by carrying out two-way analyses of variance, by 
employing appropriate t-tests, and by using the Newman- 
Keuls procedure on scores obtained by the students on those 
two tests. The acceptability of each of the null hypotheses 
associated with the IOWA Arithmetic Concepts test scores was 
tested by carrying out a two-way analysis of covariance on 
the March Arithmetic Concepts scores, using the September 
Arithmetic Concepts scores as covariate. 

Im -aqdition to the statistical evidence and by means 
of a teacher questionnaire, evaluations of the Seeing 
Through Mathematics and Exploring Modern Mathematics series 
were obtained from teachers involved in the experiment. 

The responses to the questionnaire also supplied information 
about the rate of progress of the classes involved in the 
experiment, about teaching time factors, and about teacher 


characteristics. 
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III. A SUMMARY OF THE RESULTS OF THE INVESTIGATION 


In the statistical analyses carried out on the data 
gathered in this experiment, the difference between two 
mean scores was considered to be statistically significant 
only if the probability of observing such a difference as a 
result:-of sampling error was .01 or less. It was found 
that students who had studied Exploring Modern Mathematics 
in this experiment obtained a group mean score on the 
Special Mathematical Understandings test that was signif- 
icantly higher than that obtained by the students who had 
studied Seeing Through Mathematics or Winston Mathematics. 
Not only was this true for comparisons among group mean 
scores but also for mean score comparisons at every 
scholastic ability level except the highest, in which case 
the mean score obtained by EMM students was higher than 
that obtained by the STM students, but the difference was 
not statistically significant. However, the Seeing Through 
Mathematics students, as a group and at each scholastic 
ability level, did score significantly higher on the 
Special Mathematical Understandings test than the Winston 
Mathematics students. 

The students' March scores on the LOWA Arithmetic 
Concepts test were adjusted for the effects of their 


September scores on the same test for reasons given on 
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pages 87 and 88. It was then found that there were no 
Significant differences among the IOWA Arithmetic Concepts 
test mean scores obtained by the groups of students that 
studied Seeing Through Mathematics, that studied Exploring 
Modern Mathematics, and that studied Winston Mathematics. 

Analysis of the March IOWA Problem Solving test 
scores showed no significant differences between group 
means or ability level means when the Seeing Through Math- 
ematics students' scores were compared with the Exploring 
Modern Mathematics students' scores or when the Exploring 
Modern Mathematics students' scores were compared with the 
Winston Mathematics students! scores. However, the Winston 
Mathematics students! group mean score on the March IOWA 
Problem Solving test was significantly higher than the 
Seeing Through Mathematics students' group mean score. 

The Winston Mathematics students! high-average ability 
level mean score on the March PS test was significantly 
higher than that of the Seeing Through Mathematics students, 
but the STM versus CON mean score contrasts for the high 
ability and average ability levels did not show significant 
differences. 

Examination of teacher responses to the questionnaire 
led the investigator to the following conclusions: 

1. The teaching groups involved in the experiment 


were not markedly different from one another 
with respect to classroom time spent in 


=< i 
i] is 

a ) I 
: ay 


H¢ f | i 
on etew etedd deft brot nent sew 31 -88 bas ¥8 e 


adggonoD attemdttsA AWOL edt goomes egonete Tifb jsottin 
dedd stnebuse to equo1g vdt yd bentetdo eetio‘e neem tee 


sntgofaxd betbute tent -gottemedteM dayoamt antes’ 6 


-aditemedteM goventy petbude dedt one -aottemodteM. 19oM 
tees antv log nefde1d AWwOT doreM erft to ateylsaA © ; 


quotg aeewted asoneieTiiS tasottinate on beworde © 
=ideM dayoadT goles’ eis nenw ensem Level WeLide to ene 
gotiolgsd edt ditw betsqmoo etow 2e10°08 ‘etnebude sad 
satiolox’ eft new to ee1008 ‘ginehute agttsmedteM te 
edt ditw betsamoo stow estoce ‘aednebete gottemodseM o: 
gotentW ont ,ievewoH .zetoce ‘atnebite eotismoedtseM ood 
AWOL rio1sM sft nO stove Aeem quoTg 'etnebuse | 
odd ced? 1angtd ylineottingle eew tess satwio® & 
.st002e neem quo1g ‘ednebute zottemoedteh dawoad? a 
Wilids easteve-dgid 'etnebuse sot smedteam pe 


vidnsottinate aow teet 84 doteM oft no st008 nes eg 


-etnebudte eolsemedteM dayowdT aatees ent to tedt aed + 
dtd oft 10% etecttnos eos nsem MOD averot MIB 


jngottinate worle gon bib efsvel yittds essieve han 


eitentiottesnp oid o¢ asenoqes1 tedoset to dol 
yanotesLonos sntwolfot edt ot t0otegb 2 
gnemixzeqxe oft at bsvfovnt equo1ig galdose 


fedjons sao mort taetettib yibedaiem jon stew” 
uf taeqe omtt mootzeslo oF toeqeet At 


t3P 


teaching the classes involved in the experiment 
or with respect to teaching experience. The 
Winston Mathematics teachers did indicate an 
average of one and one-half hours per week more 
released teaching time than the Seeing Through 
Mathematics and Exploring Modern Mathematics 
teachers did. 

2. On the average, the Exploring Modern Mathematics 
teachers had covered a greater proportion of 
their course than the Seeing Through Mathematics 
teachers had (75 per cent versus about 63 per 
cent) by the time 80 per cent of the two-year 
course time had elapsed. 

3. The Seeing Through Mathematics, Exploring Modern 
Mathematics, and Winston Mathematics teachers, 
considered as groups, evidenced similar amounts 
of special training in their backgrounds that 
would assist them in the interpretation of 
"modern" school mathematics curricula. Some of 
the Exploring Modern Mathematics and Winston 
Mathematics teachers did have more extensive 
conventional mathematics course backgrounds than 
the Seeing Through Mathematics teachers had, but 
the effect that this background would have on 
their ability to interpret "modern" mathematics 
curricula is an open question. 

4, Some teachers found the theory, some exercises, 
and some of the terminology in Seeing Through 
Mathematics to be too difficult for slower 
students. The Exploring Modern Mathematics 
terminology was not found difficult, but many 
students did have trouble with mathematical 
preols 

5. The majority of the teachers felt that computa- 
tional skills were maintained effectively in 
the Seeing Through Mathematics and Exploring 
Modern Mathematics materials, but a few did not. 

6. Both the Seeing Through Mathematics and Exploring 
Modern Mathematics programs received generally 
favourable comments with respect to the review 
of concepts presented and with respect to the 
arousal of pupil interest. 

7. The Seeing Through Mathematics approach to problem 
solving was praised by the Seeing Through 
Mathematics teachers. Some concern was expressed 
regarding the lack of a unified problem solving 
approach in the Exploring Modern Mathematics 
materials. 
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IV. CONCLUSIONS 


On the basis of the results of the statistical 
analyses carried out and in consideration of teacher 
responses to the questionnaire, the answers to the questions 
posed on pages 130 and 131 can be framed as follows: 


1. The Seeing Through Mathematics students and the 
Exploring Modern Mathematics students scored 
Stemi tCantly Nigher’ on 4 Special. test of hasic 
mathematical understandings than the Winston 
Mathematics students. 

2. As a group, the Exploring Modern Mathematics 
students scored as well on both parts of a 
conventional arithmetic test as the Winston 
Mathematics students.” As a group, “the Seeing 
Through Mathematics students scored as well as 
the Winston Mathematics students on the 
Arithmetic Concepts subtest of the conventional 
arithmetic test but significantly lower than 
the Winston Mathematics students on the Problem 
Solving subtest of the conventional arithmetic 
test. 

3. The Exploring Modern Mathematics students scored 
Significantly higher as a group than the Seeing 
Through Mathematics students did on a special 
test of basic mathematical understandings. 

The Exploring Modern Mathematics students and 
the Seeing Through Mathematics students scored 
equally well on a conventional arithmetic test. 

4. While students at all three ability levels scored 
Significantly higher on the special test of 
basic mathematical understandings if they 
studied the Seeing Through Mathematics materials 
or the Exploring Modern Mathematics materials 
rather than the Winston Mathematics text, 
students in the highest ability range who 
studied STM and EMM texts appeared to receive 
the most benefit. At the highest ability level 
the difference between the mean score obtained 
on the mathematical understandings test by the 
Seeing Through Mathematics students and that 
obtained by the Exploring Modern Mathematics 
students was not significant. However, at the 
two lower ability levels, the differences 


avoOTeUISMOD VI 


10 a¢inees sd to efesd env n0 


Tw i Pl ed 3 a % 
5) rh ‘+scebtenos of base tuo, Peltteo esey 


enotseseup ond ot stewate she otternotteerp edt oF Beene 


t 


‘awolfot ge batett od ned PEP Bas Off aegsq do be 
d3 box esoebude suigegodrel gages? antospeest as 
boxooe ednebite coitsmedtay weeboM 
g Le C 
} 


. atebys2 82 
coticmeddeM gueboM gattotuxg ed? ~quoty Bek os 
eteen (tod no Lisw 26 berege sdnebuge 
golvsutW siz £6 Jead ofoemi¢dtes Lenofenevynaos 


4 a 4 =" ’ . ° t Aa & - io 
sa Thaw c& beven<e Bia in ents : ‘ 
BE LI@W « beTOSe BAIASUVS 23iJ PY 
i . “He ire . g i ‘ § 5 
eit no egnebruda eotremengan end 
a 


c ; iin ttice’ & ana « +? 
Leaorsnev OD $60k 4 } oe c ' 4 E28 eunoY oicoaul bad 
nant rowel vitnsoftlagie tud Jasz olstemaisc its 


no sfocbute. gottsperisM goteg keds 


° ’ 
otsemidine L[enoitmeynod : to Jastdue auiiles 
-J207 


2 etnebute goliamodteM oteboM tof edt 
| ned? quota s ee tergin yitasoktiages 
bib etnebute sotisnstitaM tage 
wirtt cehbos [solsamentsn 
brs etosbuse poldementeM nishoM ag eiT 
betoos esnobute eottemedjed davoig? af efit 
feet oftametias Isncttnevaco s no [Low yllaspes 
hotona efevel ywlhilftds sends Lis va etnebyte 9 

> teed Ietooaen ent no teffisid ylinsoLltingre 
youd ti esanfbnstetsboy Ieottemeniem olesd 
aiatvotem- eokiemetiteM davoidT anise? eit bethaver 
afetteden agizemedntsM ozoboM sotaolexd ent ae 
,oxed BotvemenveM cotentW ei? asit st]eddee 

aiw enmed ytifids teerigin edd of atashuee 
svtecst oJ betesaqae etxsd MMG bose Mie beloess . 
fevel ydilide teenigid oft TA .thtemed tacntes ie ‘7 
benisido soos Meom eft neewsed eoneteTIib sie ee: 
edd vd deed epatbaetersboy Laotssmeds em ong, 
' gala Dae nid ol 


BD a2 qaeboM 34 end yd Dealt 
add fs ,Ievewo .Josoltingie you sew aca oi 
2o0nhetsitip sat ,efevel ytilids tewol on 


© 
tt 
re 
: 2 
Ci, 
ne 
oO 
+ 
« 
® 


137 
between the mean scores obtained on the math- 
ematical understandings test by STM students 
and those obtained by EMM students were 
Significant, favouring the Exploring Modern 
Mathematics program. 

5. Responses from the teachers involved in the 
experiment indicated unanimous approval of the 
content and spirit of the Seeing Through Math- 
ematics and Exploring Modern Mathematics text- 
book series. In spite of some dissatisfaction 
with textbook format and with the approach to 
certain topics, there seemed to be universal 
agreement that these new texts are more 
satisfactory than the old. 

Assuming that the Special Mathematical Understandings 
test is a valid measure of the kinds of mathematical 
understandings one would expect from grade eight students, 
it would appear that the Exploring Modern Mathematics 
program facilitated more effective teaching of mathematical 
understandings than either the Seeing Through Mathematics 
program or the Winston Mathematics text. Under the same 
assumption, the Seeing Through Mathematics program 
facilitated more effective teaching of mathematical under- 
standings than the Winston Mathematics text. Assuming 


the validity of the conventional arithmetic test, the Lowa 
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ematics texts were equally effective in developing the 
students! traditional mathematics skills. The Seeing 


Through Mathematics text would be regarded as somewhat less 
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effective in this respect. Therefore, on the basis of 
student performance on the tests used in this study one 
would very likely choose the Exploring Modern Mathematics 
program rather than either the Seeing Through Mathematics 
or Winston Mathematics texts. However, on the basis of 
teacher evaluations of the series, the choice between 
Seeing Through Mathematics and Exploring Modern Mathematics 
Beanotysoescbear eutthoin factjejudgingsfrom teacher 
evaluations, the Seeing Through Mathematics series has a 
more unified approach to problem solving than that in the 
Exploring Modern Mathematics series, and this might be 
considered a strong point in favour of STM. 

If it is accepted that teachers are enthusiastic 
about the problem solving approach in Seeing Through Math- 
ematics, then it is certainly contrary to expectations that 
the Seeing Through Mathematics students scored significantly 
lower than the Winston Mathematics students on the LOWA 
Problem Solving test. However, if one considers the content 
of the IOWA Problem Solving test items, it is found that, by 
and large, they tend to measure computational skills rather 
than problem analysis. Therefore, it does not necessarily 
follow from the analysis of the test results that the STM 
students were poorer problem solvers than the Winston Math- 
ematics students. On the other hand, one might suspect that 


perhaps Seeing Through Mathematics students might not 
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develop as much facility in computation as Winston Math- 
ematics students would. 

From consideration of mean scores on the Special 
Mathematical Understandings test and on the lowa Tests of 
Basic Skills for each ability level, it appears that the 
seeing Through Mathematics and Exploring Modern Mathematics 
series are appropriate for students of low scholastic 
ability as well as those of high scholastic ability. 
Furthermore, assuming the validity of the Special Math- 
ematical Understandings test, one might hypothesize that 
the Exploring Modern Mathematics materials are better 
suited than the Seeing Through Mathematics materials for 
helping teachers to develop the mathematical understandings 
of average and below average students. 

While the foregoing conclusions do seem to follow 
from consideration of the results of the statistical tests, 
perhaps the interpretations of the results should be 
tempered by noting that the absolute differences between 
the group mean scores obtained by the Seeing Through 
Mathematics students and by the Exploring Modern Math- 
ematics students on the SMU test were only two to three 
marks (out of a possible total of fifty). Similarly, the 
absolute difference between the group mean scores obtained 
by Seeing Through Mathematics students and by Winston 


Mathematics students on the IOWA Problem Solving test is 
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less than two marks (out of a total possible of thirty-four). 
Perhaps the safest conclusion that can be drawn from the 
study is that certainly the Seeing Through Mathematics and 
Exploring Modern Mathematics programs offer students some- 
thing more in the development of mathematical understandings 
than the Winston Mathematics text does and that, in exchange 
Beimenleeesin..ebitobewitednything, ws lost sim’the devel- 
Opment of conventional arithmetic skills. 

Be noted in the summary of Chapter Il, studies similar 
to the one presently being reported have led to the follow- 
ing conclusions: 

1. In general, students studying "modern" math- 
ematics materials and students studying 
traditional mathematics materials perform 
equally well on conventional mathematics tests. 

2. Whenever a test reflecting the spirit and objec- 
tives of "modern" mathematics curricula is 
included in a study, the "modern" group scores 
much higher than the traditional group. 

3. The new curricular materials appear to be 
appropriate for all levels of scholastic ability. 

It has been found in the present study that such 
conclusions would seem warranted when applied to the 
Seeing Through Mathematics and Exploring Modern Mathematics 
programs in comparison with the Winston Mathematics program. 
Furthermore, the results of the study tend to favour the 
Exploring Modern Mathematics materials over the Seeing 
Through Mathematics materials. The investigator believes 


that this may be due, at least in part, to the somewhat more 
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relaxed, less formal presentation of the material in the 
Exploring Modern Mathematics text. Frankly, both series 
are enjoyable to read, but the investigator would maintain 
that the Exploring Modern Mathematics series might be more 
effective in developing student mathematical understanding 
than the Seeing Through Mathematics series because the 


former seems less encumbered with symbolic representations. 
V. LIMITATIONS 


The investigator freely admits that there are some 
fairly obvious limitations that must be placed on the 
mucerprevuation of the findings from this study. First of 
all, the sample used was not a random sampling from the 
Alberta student population. However, reference to Table lI 
on page 60 shows that a wide range of student scholastic 
ability levels was represented in the sample. As another 
instance of limitation, one might question the advisability 
of removing the effects of September IOWA Arithmetic Concepts 
test score differences between the groups when making 
statistical comparisons on the basis of March IOWA Arith- 
metic Concepts test scores. However, in view of the 
changes in the composition of the sample from grade seven to 
grade eight, it is felt that this was the only course left 
open to the investigator. A third limitation might well 


lie in the construction of the Special Mathematical 
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Understandings test. Since this instrument is such a 
critical factor in assessing the findings of the study, the 
investigator strongly urges the reader to carefully 
scrutinize the items in the final version of the Special 
Mathematical Understandings test included in the Appendix 
to see if they do appear to test mathematical understandings 
that he would judge to be important at the grade eight 
level. Are there other areas of understanding that could 
or should be tested? One should also look carefully at the 
IOWA test, especially the Problem Solving sub-test to see 


What IS8W¥or-dsenotvtssted. 
VI. IMPLICATIONS FOR FURTHER RESEARCH 


Perhaps the most apparent implication for future 
research is that the experiment reported herein should be 
replicated (perhaps at another grade level) with tighter 
experimental controls. Procedures might well be employed 
to ensure random sampling in establishing the groups to be 
used in the experiment. It would be advantageous to have 
a test, re-test situation for a test like the Special Math- 
ematical Understandings test as well as for the other tests 
used. 

Comments from the teachers involved in the experiment 
leads one to speculate as to what effects the presence or 


absence of a unified problem-solving approach might have on 
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a student's ability to solve problems. An interesting 
by-product of the analyses carried out on the experimental 
data was the finding that 30 per cent of the Winston Math- 
ematics students answered a simple "ratio" problem on the 
opecial Mathematical Understandings test while only 10 to 13 
per cent of the Seeing Through Mathematics or Exploring 
Modern Mathematics students answered it correctly. Since 
at least one of these "modern" programs places heavy 
emphasis on ratios in problem solving, this phenomenon 
should certainly be investigated further. 

While a study such as the one described in this report 
serves the purpose of providing overall comparisons between 
programs, there is a need for studies that concentrate on 
specific aspects of the various programs being compared. 

For instance, a detailed study of student facility in 
solving mathematics problems would do much to explain the 
phenomenon mentioned in the preceding paragraph as well as 
to point the way to improved techniques in the teaching of 
problem solving. There is a need for investigations of the 
effectiveness of teaching for discovery. Does emphasis on 
broad understandings and generalizations in the teaching of 
mathematics detract from student facility with basic 
arithmetic skills? There are many such unanswered questions 
that deserve detailed study. 


It is hoped that, as more studies in the area of 
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mathematics curriculum evaluation are conducted at the 
various grade levels, the information from such studies 
will become generally available to those who must make 
decisions about the adoption in a school system of one or 
more of the many commercial texts that will surely become 


available in the next few years. 


Lo es 


i7 36 betouoney ae s norgsauievs mulvotiayoa 29. 
-sbhute dowe mort nottemtotet eft ,elevel Sheray 
« teym ow eeont ot eldalfave ypilenetisg emooed 

no to megeve foorioe 6 al neltaobes edvctaeds enet 
amoned ylewme Litw feit atxet Isloremmies yas edt To: 


.2%s8y walt dxen edd abso 


BIBLIOGRAP 
oar au ae Bil 


z we and i BIBLIOGRAPHY Me 324 : aoe 2) . 2 Lk se 
+ sorkt MeCGraw-Hili Boece ie , 


6 


Peete ah Ollies. for ‘™ and Giid, e Lomeise B2iila 
menshton Mifflin Cc err Se. _— 


% 

ais 2 BeGhyNatiesa tion Pr Crral ot i Li ae = CE sibel 
ee = « Naw Yorks Collece c4t° reared 2 seri 

—~ ay Sag. 


5 Beroid ’ SRROLT or Mente. ». Os LA N @rw OF = 
yeas Bons, SLi) «& a 1950, Thire rinving, Ma tol a 


* 
, 


-_ _. ae « 45° #0 . - 7 Pa of. 
1 Bau daebt oo Childsen's ifega oe Ear 
ef Profeseor Fiaget. ULwalan: Spot? leworte 


el ané Ov., Lid., "9 


fein Lee Richard: Ss. vanes > ahi wiecis i 
ai - 7 «. — 8 » 2 7 7 aa | 
ahasl. OM « Bavlering Modexn ae eth pod ' ay ; reer 
=) MOQit, Hipeheart and Winstcm, le, (7 


oo 


= Bienes: ER. demason, and Patelcia L. Jahnseon, 
; i“ Mathematics Ds om . 4 als Bi. Py et ii Eels 
aney Sit, ninahert amd Witater, ifff «. os, 


, Bs Jameson, and Pa vie L. Johnaeca, 
Mathematics, Best 2. Row York: Holt, 
Winston: Tatece 7 
har » #anpeson, and Petricihe + » ORNS of 
“Meg Methomaticn, Bags ¢. Peechar's, Edition 
eal GC, Rinehart and Wiaste, sne., 1643, 
piies cs Group, io py Aua ts Basondary 
¥a “art hey oat) and 
aL 7 varsity Fase: 145}. 


Miata) DL Seeee 5585 » 
~~ i bed i.ond on: 


146 
BIBLIOGRAPHY 
A. BOOKS 


Anderson, R. L., and T. A. Bancroft. Statistical Theory in 
oe New York: McGraw-Hill Book Company, Inc., 
1952. 


Campbell, William Gilles. Form and Style in Thesis Writing. 
Boston: Houghton Mifflin Company, 1954, 


Commission on Mathematics. Program for College Preparatory 
Mathematics. New York: College Entrance Examination 
Board, 1959. 


Gulliksen, Harold. Theory of Mental Tests. New York: John 
Wikevyeanasoons, Inc., 1950, Third *Printing, March 1961. 


Isaacs, Nathan. New Light on Children's Ideas of Number, 


The Work of Professor Piaget. London: Spottiswoode, 
Ballantyne, and Co., Ltd., 1960. 


meedy.aMervin LojoRichardeE.«Jameson,%and Patricia .L. 
Johnson. Exploring Modern Mathematics, Book 1. New 
York: Holt, Rinehart and Winston, Inc., 1963. 


» Richard KE. Jameson, and Patricia L. Johnson. 
Exploring Modern Mathematics, Book 1, Teacher's Edition. 
New York: Holt, Rinehart and Winston, Inc., 1963. 


» Richard EH. Jameson, and Patricia L. Johnson. 
Exploring Modern Mathematics, Book 2. New York: Holt, 
Rinehart and Winston, Inc., 1963. 


» Richard E. Jameson, and Patricia L. Johnson. 
Exploring Modern Mathematics, Book 2, Teacher's Edition. 
New York: Holt, Rinehart and Winston, Inc., 1963. 


School Mathematics Study Group. Introduction to Secondary 
School Mathematics, Volume 1 (2 parts). New Haven and 
London: Yale University Press, 1963. 


Introduction to Secondary School Mathematics, 
Volume 1, Teacher's Commentary. New Haven and London: 
Yale University Press, 1963. 


SH} 


YHIASDOI LaLa 


te 


7 .ttoroned .A .T bas ..d . pnoster 
, of. . wieamgO xoom IL lH-wespow :x1t0X wort 


pottiaW elsodT ai efvté Bus mye4 _ eelito metitiw ,ife 
deo? ,ynegac) OLLTtiM eoddgnoH moseod 


$ anslio? yo} misasotd .coltemeriteM no noleetmmos 
iiimexa esaisitnd ssellod :tmo¥Y well . | 
f .bt 


nifioL taaot wei .ecteeTl {seinem Jo ~ 20008 -bfotsh ,needt. 
ser donsit tenis? bataT .,O¢e! .. oh cn08 tee Ee 


"ede Yo gash! e!netblicd go doatd well sender BOs: 
-sboowziidoqa inobnod .tenst?d weastet? Ie ow enn 
.0aet ,. bed ae. bis ,enytnsilsd 

1 ekotitel bas ,nozemai, 2 bristol ..d aivieM 21 

voll’ J Jg08 -zoljsiuitell exeboll galsodgad | .sosndet 
-foer ,. onl ‘tolentW bas stenents ,tioH sad10Y¥ 

erinio | x¢e7 oboe i psbeirerrg a brsdobh 
coer ,.onl ,moventw bae stenedte ev tuto 
-noeniol . stoftated bas -nogamet .i weed ee: 
»tfow sa10Y we .S good ,sottemedtaM naebeMl ag a 7 
: Fact -onl ,nmovenlr q oth 


noento® atott tei bas ,noaemst a basiore 
t 


Mobi g'sedoeeT .¢ ood soLtenedd aM acehoh at 
E0OT ,.onl ,fotaatwW bas Sietenti ,.sione 1o¥ 


j= 
a} 
re 
cL 
ee 
; ; 
o 

! 

: 
— t4 


urpirooad oJ G -<qvomd ybuse ee 
bis oSsven wet tay S) ft ae ac taped eM oa! 
£90! ,eretd yttetovial eis “sno Beis 


:nobnod one mevel wevl "aggaamed 'o¢ : L) : 
Ese? ,zea7% ‘Siete fs oh 


14.7 


School Mathematics Study Group. Introduction to Secondary 
School Mathematics, Volume 2 (2 parts). New Haven and 
London: Yale University Press, 1963. 


Introduction to Secondary School Mathematics, 
Volume 2, Teacher's Commentary. New Haven and London: 
Yale University Press, 1963. 


Mathematics for Junior High School, Volume 1 
(2 parts). New Haven and London: Yale University 
Press, 1.901: 


Mathematics for Junior High School, Volume 1, 
Teacher's Commentary. New Haven and London: Yale 
University Press, 1961. 


Mathematics for Junior High School, Volume 2 
(2 parts). New Haven and London: Yale University 
Press, 1961. 


Mathematics for Junior High School, Volume 2, 
Teacher's Commentary. New Haven and London: Yale 
Usivéersity Press, °1961. 


pLeinged. L., and others. Winston Mathematics, Interme- 


diate 1. Toronto: The John C. Winston Company, Ltd., 
1954, 1957. 


» and others. Winston Mathematics, Intermediate 2. 
(or onges ehhedd olin Gs Winston Company -ebtdd, 1956s 81957. 


Van Engen, Henry, and others. Seeing Through Mathematics, 
Booker. PGanadian edition. iva ipants:.» Torento: Wad. 
Gage Limited, [n.d.]. 


ne) 


, and others. Seeing Through Mathematics, Book 2 
2 parts. Chicago: Scott, Foresman and Company, 1962. 


,» and others. Teaching Guide, Seeing Through Math- 
ematics, Book 1. Chicago: Scott, Foresman and Company, 


1963. 


Winer, B. J. Statistical Principles in Experimental Design. 
Edition II. New York: McGraw-Hill Book Company, Inc., 
1962. 


—_ 
i ce 
| i i) 


a mt : 
yisboosss o¢ polisubogtal «quoi yours eottementieM J 


eT 


bos never wot .letteq ©) & pmutov , sofod 
£907 ,eeeTT qtieievin els 10 « 


pobsomotiet Jooiloe SABEGO LL od 470 Sa 
seobncea boa aeveH wor ¥iB7 A5mINO “v" 2 
carl <a ys tetev nu 98 


£ opin’ inode das solnul 202 
vifesavinl ef snobnod bas asvs 


utes 
esieq § 
f ebnes. 


£82 
Pe i ao ee edOGU2E | fai zosqul 20% § 


sfe¥Y snobnol bas seveH woh .¥ 
. feet — 


S empfoV ,Jooged daikh B agina. tex i 
geterevinU efsY rnobna be meV reply 


R reer cases t 


'-S aoutoV .foodos death zotogy 
efeY :nobnold bone asvel well 


-siiejol -gotismodisM nowt eal .etento bis Pee | Ht che 
e.Ddd ,YOeqmoD nogeantW .9 aol eAT eaetore ae aa 


emsit 6M 


pose ein . etento ‘bas. ‘ 


.S otetbentetal , 


“WCET -HeR! reba; eyeagine oD noventW .9 adob elk sono x : 
: i Wil ugissG .ete 13 ro bie “esa ey 
ob W rodno710! isqg S nota ibe nethesasd oo8 


ha Bb, oJ . bed. 


‘& Hood -2oligmonts™ dapoudT sotee’ .. siento fais a4 
~SOOf ,ynsgmod Snes memesto% ,JJo0e sogeoino Bq 


-(geM AquoidT antse® ,ebind Ades T .etodto. boBe 
»VABGHOU bane nemesi0l ,tjio0& sogsotdy sf Hoo8 ¢ 


»gtgeT [etnemtioqgxd og dubontsd ese 
~s ond aeacu Jand Tith weIvoM sa20Y we 


a 
26 
ce 


: 
si 


148 
B. NEWSLETTERS, REPORTS, AND YEARBOOKS 


Alpert, R., G. Stellwagon, and D. Becker. "Psychological 
Factors in Mathematics Education," Newsletter No. 15, 


April, 1963, pp. 17-24. Stanford, California: Leland 
Stanford University, 1963. 


Brown, Kenneth b., and John J. Kinsella. Analysis of 
Research in the Teaching of Mathematics, 1957 and 1958. 
United States Department of Health, Education and 
Welfare, Bulletin 1960, No. 8. Washington: United 
States Government Printing Office, 1960. 


Buros, Oscar Krisen (ed.). The Fifth Mental Measurements 
Yearbook. Highland Park, N. J.: The Gryphon Press, 
£9593 


Feierabend, Rosalind L. "Review of Research on Psycholog- 
ical Problems in Mathematics Education," Research 
Problems in Mathematics Education, pp. 10-21. United 
States Department of Health, Education and Welfare, 
OE-12008; Cooperative Research, Monograph No. 3. 
cyanea United States Government Printing Office, 
1960. 


Payette, Roland F. "Educational Testing Service Summary 
Report of the School Mathematics Study Group Curriculum 
Evaluation," Newsletter No. 10, November, 1961, pp. 5- 
11. Stanford, California: Leland Stanford University, 
1961. 


Rosenbloom, Paul. "Minnesota National Laboratory Evalua- 
tion of SMSG, Grades 7-12," Newsletter No. 10, November, 
1961, pp. 12-26. Stanford, California: Leland Stanford 
University, 1961. 


School Mathematics Study Group. Newsletter No. 4, March, 
1960. New Haven: Yale University, 1960. 


Newsletter No. 6, March, 1961. New Haven: Yale 
University, 1961. 


Sobel, Max A., and Donovan A. Johnson. "Analysis of 
Illustrative Test Items," Evaluation in Mathematics, 
Twenty-sixth Yearbook, pp. 71-91. Washington: The 
National Council of Teachers of Mathematics, 1961. 


Sal 
SNOOGRANY GHA . STROVE , AARTTAIOWEM 


feotuoloreyed"” .19edoed .d bas ,mogewlieté oO 


Cl «Git redsolayell ' soticsounl eotjemedsem ak: 
bneaisd :sinioitifey -hito taaze .S=0 1 -3¢ et 
coer .ystetev ial 


ec i f . S 2 2 i 
-BE0t Bue Teet -zobtempiissM Jo sotieeet 
noite is LE 


bie fo:fsowhe ¢l ‘fso to Joemtasqed eetade bes 
bet tal Ysatcdes 8 .of ,000? atteling 


| oneticw 
380! vost tO anfsntr7d tnemarevod eetesé 
ad elie 122 sé {sineM ditri eal .(. 60) neelse- an000 

eesti mt Kepcil eit :.t .H ated a . 


~sofodoyst no NowssesH to we tvefl” ott batleden basdates 
afl ",sottaouod zottemeddaM at emetdord Leet 


Uv Leos ; 4 
beviav § .°S-Of .a¢ Oc Lisoubi cabs suaect Lett os 
sststleoW bos noisaoubd ,ddieeh to shemaae 
€ .oK riqetson0M ,doisses efi svttateqood 7800S8T 
,eSrT10 gottatea suemnisvon evetsse betiav rnosgatesW 


tema sotvise guttvesT Lenolteorba” 4 baton, peaee 
mufpol nt quorD vbnso sottemensteM Looted Gy an Boho 3 | 


-2 .9q ,20! -redmevok Qt .off Basu © 
Wieievind brotnesG fosleld retatotkisd rersined ey 
. og 
os ee | 
-su.beva eb al [enoftislh Pa ozenntM" .lae9 alepe 
-Iedmevol .O} mee ".ST-Y esbetw - “be a 


baotmet© bnelad “ tefatotited brotnesa .dS-SF iB teer 
. foer cud nev. nv 
. “te : 


a 
> 


i notisisewsi .quotd yhusG eotsems 
.O30T ,utiereavinl ofeY :néeeh we Oa! 


v 
efst :cevell well ./0Pf .gogeM .o .o se 2 Sv 
fe eT nA fs 


to ekeyfedA” .ooendobl .A asvonod bas 


ecg eR Ot sotisuisvs “,emstl test oy 
eat snotgniceeW .fR-TY «eg ipbsted & . 
To L[rouzie #F gf Snod: - 


~'det ,apit¢emsri2sM Yo eienges 


149 
Ch, PERTODIGAUS 


Beberman, Max. "Improving High School Mathematics 
Teaching," Educational Leadership, 17:162-166, December, 
1959’. 


"The Old Mathematics in the New Curriculum," 
Educational Leadership, 19:373-375, March, 1962. 


Begle, Edward G. "The School Mathematics Study Group," 


National Association of Secondary School Principals 
Bulletin, 43:28, May, 1959. 


Brown, Kenneth KE. "Improved Programs in Mathematics 
Require Inservice Education for Teachers," Ihe Math- 
ematics Teacher, 54:85-89, February, 1961. 


Brumfiel, Charles, Robert Hicholz, and Merrill Shanks. 
"The Ball State Experimental Program," Ihe Mathematics 
Teacher, 53:75-84, February, 1960. 


Bruner, Jerome S. "On Learning Mathematics," The Math- 
ematics Teacher, 53:610-619, December, 1960. 


Paveonmibaw ~ Sand William F. McClintock. "The Revolution 
in Mathematics," National Elementary Principal, 
4.3:15-21, September, 1963. 


Delon, Floyd G. "The Aftermath of a Revolution," Arithmetic 
Teacher, 10:481-483, December, 1963. 


Diamond, R. J. "A Commentary Inspired by the New Math- 
ematics Program," School Science and Mathematics, 
63:658-664, November, 1963. 


Fehr, Howard F. "A Great Step Forward," Education Digest, 
28:41-42, January, 1963. 


"Modern Mathematics and Good Pedagogy," Arith- 
metic Teacher, 10:402-411, November, 1963. 


Ferguson, W. Bugene. "Current Reforms in the Mathematics 
Curricula--A Passing Phase or Progress?" The Math- 
ematics Teacher, 57:143-148, March, 1964. 


Fisher, L. B. “How Curriculum Builders View New Mathematics 
Ideas," School Science and Mathematics, 64+:31-36, 
January, 1964. 


Out 


GLA GOTRaAS «9 


eoidvemenite Loorod Hath potvotqmi" 
: T9Sqmes 50 . ao haf cr aN ' -gidesebsed i: ire 
= i oa 

" muius faa we eas al eotjemordteM oe oat * 


Seer cored VE-EVLtOT « 
n 4 Tio ts YousG Saltz - BH! 3 +e Loo dec ott" Oo Eulahe 


: cy ® > Ue - \~, Ty -' . 
afacioni1% footage wisknoogse Fo gots no ty. 


Oc@? «VAM Gas NETIATS 


eottementaM at ameta07S bavotislM: 8 rere 
-t38N ent ",etetioseeT 107 wa eoivieent 


. OO? ,ytenided , 96-28 aes 


»sfodolé disdefi snails te 
ov” Lednemiterra edeta Lik 

wO3e! Viavidet  HB-BR LER « 

; ¥ a ea 

+~fisy ott bape gninised 20" 48 emiorst ~aem 
vovneoss 218-0/8%68 <gatiomet eaRRB 


fottuloveH sit" oD) fail9oM .T mei flew bas sh ggtye ee 
- isis footes . ¥ "A305 Sine > Te LBOOTS i ¢ eoke 
fa! te tee 


my ai 
sijemditaA " notiuiovefi s to dismiss RA_.eaT" ae | Lag 
.fO0! ,1edmeosd Or ” an 


i { wel +} vd bettaen! Wietaaggaod A" 
egaitsmeiseM bos soneio’ Loogae "maw 


» £0eQr Se eee 


> 


abn 340%) 
eSeesiC polisoutsd ".5tewt0l get& tesapd AY 1a SB OH 
. -€0Or ~yrtepnblics SHH PH se / 
a a 
~i3iaA ",yyouebed foci. bas estsdemernitamM a oe 
£90T .nedmavow _t [4-CoesOh oath i 
2ofvaemecteM ads nt emiotsA tnetadD" en 
-clism. ei? Np2eetg0 74 10 92ed9 ankeeed J 
400! ,docaM Bei noah eh 4 sric 


dobvauedseM well wotY ureblind mytvotined wal 
eOE-TE:*O ,zolismedteM bos gogatod 


es oe - 


150 


Garstens, Helen L., M. L. Keedy, and John R. Mayor. 
"University of Maryland Mathematics Project," Arithmetic 
Teacher, 7:61-65, February, 1960. 


Johnson, Donovan A. "Evaluating a School Mathematics 
pie icoeanae School and Society, 90:424-426, December, 
1962. 


Jones, Phillip S. "The Mathematics Teacher's Dilemma," 
Education Digest, 24:34-37, May, 1959. 


Keedy, M. Le. "Mathematics in Junior High School," Educa- 
tional Leadership, 17:157-161, December, 1959. 


Kline, Morris. ."Reform in the Mathematics Curriculum," 
Education Digest, 24:36-38, February, 1959. 
Laycock, Mary. Exploring Modern Mathematics, Book 1, a 
book review in "Reviews and Evaluations,'' edited by 
Kenneth B. Henderson, Ihe Mathematics Teacher, 
56:546-547, November, 1963. 


Mastbaum, Sol. Exploring Modern Mathematics, Book 2, 4a 
book review in "Reviews and Evaluations," edited by 
Kenneth B. Henderson, The Mathematics Teacher, 57:34, 
January, 1964. 


Mayor, John R. "Research in Review--Mathematics Education," 
Educational Leadership, 19:395-405, March, 1962. 


Nielsen, Ross A. "Evaluating the Secondary Mathematics 
Program," The North Central Association Quarterly, 
38:249-254, Winter, 1964. 


Piaget, Jean. "How Children Form Mathematical Concepts," 
Scientific American, 189:74-79, November, 1953. 


Read, Cecil B. "New Wine in Old Bottles," School Science 
and Mathematics, 61:163-174, March, 1961. 


"Revolution in Math," Overview, 1:57, July, 1960. 


Ruddell, Arden K. "The Results of a Modern Mathematics 
Program," Arithmetic Teacher, 9:330-335, October, 1962. 


Sueltz, Ben A. "Editor's Note," Arithmetic Teacher, 7:65, 
February, 1960. 


Oe! 


” 10a" A be bra »¥beeA Pr | “M pd dotett 


stignitiaé ",Joolord aoltemernsem bne LytaMt To. oe 
O9QT ,Utentds'T eRd-15% 
aoitementeN fpoded & SARs OU LAVE™. wh ap fol 
«wedmooed ,dSr-HS:08 .tetoo® bos fl . . ante 
a as ad a > = : 
R wt : 4 te 
‘ amae iid e'tetioseT aots emortd aM ed Ts, SB lek fA 
P20) .yed ,Ve-viteS » Seem ; 


~souba ",Joonoe dgth roinwl al cot eapdeai 


.Ccet ,tedmened , fal-Vereyr ag 


" mtuoteww) eotiemedieM adit at grote!) 
CRSt oetsnidey ,6&-dE eve 


S «| donk -gottemeiteM ageboM a anal M ed 

vd Estibe ",enottiesicvad bne eweive" ak welver. 
-efadosel epitemedteM edl ysoetebaal 
-F00F ,tedmevon 4% 


® «S$ aooE .2ots Lenedzel | n7oboM antietaad ee 
ud boiths “",enolteufevd Gas awstvyek” et a 


af 


~PE?SC .t2ocoesl softianeitsk of lanai 


‘ pM br ee 
"mottsouba 2ottemodtaM--wetvall nt dorsseehts ‘o artob: = 
Sot ,foteM .cOM-CCEse! a tdegebeed ae Y 


*\Y* Ka 8% e 


: 7 ry {<- i ¥ 
29 is onde: yteboooes sit yattesleva" 


kteitexn0 ootistoogeé sangee? a 


" udgeono 3d leols smerdd eM jan qerbLidd wort? 
ecel ,tedmsvoll ,eV-/Ts eS! (nsoltems 
eoyoise fooivd ",eelttod bfO ak entW well, 38 
. 92’ -oteM AV T-Fdleta eS2iy : 
sua f 
<O00T gyluL ,fest .wetvaavd asda 


ay HoidemenseM oteboM gp to a Lnanli oni” wo 
sSOCT ,Gerlotad ,TEE-OLE:e , 


ecory pedoweT gliomisizA ",etov es0eibt : 


151 


Theaker, Francis C. Seeing Through Mathematics, Book 1, a 
book review in "Reviews and Evaluations," edited by 
Kenneth B. Henderson, The Mathematics Teacher, 56: 
640-641, December, 1963. 


Seeing Through Mathematics, Book 2, a book review 
in "Reviews and Evaluations," edited by Kenneth B. 
Henderson, The Mathematics Teacher, 56:641-642, 
December, 1963. 


Wagner, John. "The Objectives and Activities of the School 
Mathematics Study Group," Ihe Mathematics Teacher, 
532:454-459, October, 1960. 


Willerding, Margaret F. "A Critical Look at the New Math- 
ematics for Seventh Grade," School Science and Math- 
ematics, 62:215-220, March, 1962. 


Williams, Emmet D, and Robert V. Shuff. "Comparative Study 
of SMSG and Traditional Text Material," The Mathematics 
Teacher, 56:495-504, November, 1963. 


D. PUBLISHED TESTS AND TEST MANUALS 


Cooperative Test Division of the Educational Testing Service. 
Cooperative School and College Ability Tests, Technical 
Reports{tPrincéton,<NéisJ.: Educational Testing Service, 
ya 


Kducational Testing Service. Cooperative School and College 
Ability Tests, School Ability Test, Form 44. Princeton: 
Cooperative Test Division, Educational Testing Service, 


1956. 


Iowa Tests of Basic Skills. Manual for Administrators, 
Supervisors, and Counselors. Boston: Houghton Mifflin 
Company, 1956. 


Lindquist, E. F., and A. N. Hieronymus. Jowa Tests of Basic 
Skills for Grades 3-9. Boston: Houghton Mifflin 
Company, 1955. 


- 
i) 


ret | a 


e «1 food -2oktemedteM dagen F pik atons1T ¢ 16: 
fe bed tbe Oh eanttae len ewolven" at aa 


72 ~donges? gotismedysM oct aoetsbaeH .& 
; | i Raware: e 


weivet Hood s ,$ sctomaia 
@ ddouno® yd betibe errs BU. eva bos ewe 2 
~SHd-tHd:d? .todoseT 


ad 
— hl 


. 


fooro& edt to eettivitoA bas aevitoetdd edt! en 
etodosel sotismoddsM enT " nies ybuste Fae 


t ,tedotoO. ,ee 


~iteM wo orit ts Aood [sottixd A” Wf rape 
soucr 


~itsM bos gsonetod 2 " obatd dtneve® tot 
.Sd0T ,ndoteM ,OSS-2'S:Sd , 


ybat® evigsteqmod"” .tivd@ .V dtedoH bus fd evden. - 


zobtemeddsM adT ",letreseM txeT Seedy Seana: 6 a). 
.€d0f .tedmevoK ,HOe-20H: “ie a 


QIAUMAM TET CMA BTaxT auweTTave .a a 


ooivies yatteoT fesotieoubs foe to noLetvid taet pees 
£eotatoo? ,eteel yiilidA gua lfod ue 'B19g00) — 
reotvied gnives! Teno t}aouhe 340 «Mt no eoattd 1ggoi 


egetiod bas agg int gvltpieqoo) .soltvaed gattes 
snoveonitd ,AY fod »teeT yihiiod Loiled + 
eoivisa gattaet fenottseoubd ,aotet deeT ev. 


pptotenteiotmbA sot JsyosM .elfide oleed ee 
att? Tim Motrnguol :novaod .stofesnued er 
3 ¥' « YOSd 


obese Io et i .eumynor)eth .WowA bas ‘oe 
aLITIIM noddsioH smoteod .G=£ 


fe Fs 
KE. UNPUBLISHED MATERIALS 


Alberta Junior High School Mathematics Subcommittee. 
"Interim Report on Testing Program, June, 1963." 
(Mimeographed.) 


- Junior High School Mathematics Bulletin, April, 
1963. (Mimeographed.) 


PeeeoOrue wieew., and W. IT. Pace. "Chart for Computing 
Tetrachoric r with the Criterion Dichotomized at the 
Median." Raleigh, North Carolina: North Carolina State 
Personnel Department, Division of Recruitment and 
Testing, [n.d.]. (Mimeographed.) 


Glennon, Vincent J. "A Test of Basic Mathematical Under- 
standings." (Copyright, 1947). (Mimeographed.) 


Melson. iw Loyal. “Relation of Textbook Difficulty to 
Mathematics Achievement in Junior High School." 
Unpublished Doctoral Dissertation, The University of 
Minnesota, Minneapolis, 1962. 


Shuff, Robert Vance. "A Comparative Study of Achievement 
in Mathematics at the 7th and 8th Grade Levels Under 
Two Approaches, School Mathematics Study Group and 
Traditional." Unpublished Doctoral Dissertation, The 
University of Minnesota, 1962. 


Williams, Emmet D. "Comparative Study of SMSG and Tradi- 
tional Mathematics." Unpublished Doctoral Dissertation, 
The University of Minnesota, Minneapolis, 1962. 


aa 


oi 


QIATARTAM CaN TEAC wt NeoeST ys 
. " oh M@stenis | 
. » eee i nut 
.eaddimmnosdud ack temadtaM fog cooragne Sth sted | 
".£00f .eanvl .me% 13079 aeeree? a0 ey | sdk 


. >= 


tings abvetind ounce 


gcubibrl pmo © sot t¢sho"- ssped .T*, oe a et Oo 

edd ide besimododatd fo fHSd 119 fa | ofida seb / 

etesG sotiorsd dsioM see trored da 160 ema : vere 
bne inaadtiniseh o aoleivid Tia at of 

(. beat bisoem EM) oa 


er; ee" 

Ss -C 6 _ pa @* - far ; 4 
£26ines -- | 

VES a ge 

= 7 


~tebrill Leottsmerz eM ofaed to 27967. a “E58 


Berto eometint . (90.1 (aE yao er ass 


ot WivoLTitd taodtxaT to nottelei eee 
/LOOLDS tg ie 1ofguL at ¢homevetitAé’ eote 

to Yetarev inv ait ,noltetiseetG Lesoteod bBenekt 
. Sagi ,2t log sean ee ,ato \t 


bh 


gnemseveiioA to youste syttaersegmo0: A" al sredol , 42 
tebnU efsved sbaad Ax8 bas AdN od? te goes sae a 
bus qcow) youre eoftenaiteM Loodsé . 
ent »Folistrece td férotood hedei id: 
~Sagr ~stozenalM: ‘96° iSteisvt 

bas YcMe Yo ybusts eviteisqaoD" 


2 ; 
eid {etoto0d isdebiduqall '! \gotdemeds 
Soet ,etforsenniM .addeenatM: to vier 


. Ap — 7 S. 2,4 ’ ae - fe uy 


PILOT ARPRNDIEIO 


wu hie 


As. We - 7 : 7 a, =U 


ALORS Sk 


a i ee — 2 — a ii , 


. PILOT STUDY VERSION 
Oennot be 


t i ' ‘ 
ne OF THE SMU TEST 
of Cie re 
fCoQAt ine 
eh a 
4) 
; = x 
Lerancre : 
Se. hich of 
Bhe of the « 
DD oF ‘th 
Sum of Tt 
grees, 
e of "4 ms 
of the other : 
ie the foilewiou ‘5 
' tie Ger oT * 


> Gy we 
i i 3) 
SoA 
ana? 


aoTeray vawre TOITy 


Tex? UMe ahr 1 


1. 


aan 


155 
© 
How many of the triangular units of area in the figure to the 
right below would be needed to cover the area enclosed by the 
hexagon? 


go 
(a) 6 2 aoe P. NG 
/ EC oh \ 


|S eee: 
(d) 4& 2 jp 2 
(e) Cannot be determined ae 


from the data given. Pear 


Which of the following cannot be expressed as a natural 
number (counting number or zero)? 


(a) : 
(b) n= 
(c) 7 
(a) 32 
(e) 2 
Which of the following is not another name for 5? 
fa) V 
(b) Hf 


moe (11 = 6) 
4 

(d) 3615) 

a 


If the measure of one angle of a scalene triangle is 40 
degrees, which of the following statements is always true? 


) One of the other angles has a measure of 90 degrees. 

) One of the other angles has a measure of 40 degrees. 

) The sum of the measures of the other two angles is 140 
degrees, 

) Two of the sides have equal measures. 

) One of the other angles has a measure of 140 degrees. 


Which of the following is the correct number phrase for: 
"Multiply the sum of seven and three by five." 


mp OFX PF + 3 
eer 65 X (7 + 3) 
me 7X 3X5 
me 7 + 3X 5 
me) 5(7) + 3(7) 
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6, The measure of angle BAC is approximately 


Cc” B 
(a) 65° 
(b) 105° 
(c) 4o? 
(a) 50° 
fe) 30° 


7, In which of the following is 36 completely factored (expressed 
as the product of primes)? 


Re actu X od 

Bo me) X 31X06 

oe 3. Xf le 

Pa, 62 X (9=+.9) 

mee 2% 2 %)3eX.3 
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3.14 X 10° is how many times as large as 3.14? 


(a) one hundred 
7" two 

iG). ten 

(d) one 

(e) one thousand 


The area of the parallelogram shown at the right below 


(a) can be found by adding 3 and 4 Fe SE a 
(b) aie found by multiplying 3 31 
by 


(c) can be found by multiplying 3 
by 4 and dividing the product 
pyice 

d) can be found by multiplying (3 + 4) by ¢& 

e) cannot be found from the information given 


\ father is nine times as old as his son. If the son is now 
"n" years old, how old will the father be in 8 years? 


(a) n+ 8 years 
(b) 9(n + 8) years 
(c) 9n + 8 years 
(d) n+ 9(8) years 
(e) 9n years 
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If the measurement of the length of a line segment is 
recorded as 28 inches, it is assumed that the true measure of 
the length of the line segment 


fe) ris 28 inches 

(b) could be as small as 26 inches or as large as ot inches 
fe) could be as small as 24 inches or as large as 23 inches 
(d) could be as small as 22 inches or as large as 2of inches 


(e) could be as small as aoa inches or as large as one inches 


If a, b and c represent numbers, which of the following is 
a representation of the idea that "the order in which numbers 
are multiplied together has no effect on the product"? 


Boe aCb +c) = a(c + b) 
meee + (be).= Cbe) + a 
oma § b= b Xa 
me) atbe)r = Cab)c 


If N represents any natural number (counting number or zero), 
which of the following will always represent an odd number? 


fa) N 

op) N+ 1 
(c) N+ 2 
Cay. 2N + 2 
(e) ON + 1 


) They are all equilateral. 

) They are all isosceles. 

) They each enclose equal areas. 
) They are identical to one another. ; 

) Nothing in particular can be said about the triangles. 


If 8 + c is less than 12, then 


(a) ec could be any number less than 4+ 
= Cc corks be any number greater than 4 
ia 

(d) ec could be any number except 4 

(e) ec could be any number 
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(4,) 


The greatest possible error in the sum of measurements of 
5.5 inches, 4.4 inches and 3.2 inches would be 


(a) 0.15 inches 
(db) 0.3 inches 
(c) O.1 inches 
(d) 3.2 inches 
(6) 0.05 inches 


If a, b and c represent numbers, which of the following is 
not correct? 


fa), 52,100 
mo) °7;,390 
oc ) 1,437 
(d) 9,000 
(e) 7,564 


If one angle of an isosceles triangle measures 66 degrees, 


(a) one of the other two angles must measure 66 degrees 

(b) one of the other two angles must measure 48 degrees 

(c) one of the other two angles must measure 114 degrees 

(d) one of the other two angles must measure 57 degrees 

(e) one of the other two angles must measure either 66 
degrees or 57 degrees 


Which of the diagrams below best illustrates the set of real 
numbers that could be used ag replacements for "x" to 
make a true statement of "2x + 1 is less than 3"? 


(a) g ae. f , 
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Which of the following measurements is the most precise? 


(a) 3.1 centimeters 

(b) 310 millimeters 
(c) 0.31 meters 

(d) 3.10 centimeters 
(e) 31 millimeters 


2 4 52S O, then 


fy 6+ "2 = 8 

(b) Bots) 2.= 78 

mes +) 72 = 74 

mas + 7D = 0 

i 6 ~ 2 = h 

Which of the following is not equivalent to 753? 
(a) X 100 eke VO + 3X 1 


7 + 
meeerOO st > X 10+ 3 xX 1 
ma? X° 100 + 3 RO oe 23% 
6 X 100 + 13 X 10 + 23 X 1 
fen 100 +4 X 10 + .23 X 1 


Which of the following statements does not supply enough 
information for one to conclude that the geometric figures 
referred to are congruent. 


(a) The figures could be placed together so that the points 
making up one figure would occupy exactly the same positions 
as the points making up the other figure, 

(b) All corresponding parts of the figures have equal measures. 

(c) All corresponding parts of the figures are congruent. 

(d) The figures enclose exactly equal area measures. 

(e) The figures have exactly the same size and shape. 


Suppose that a sculptor wants to make a scale model of a monument 
by reducing each measurement to 1/12 that of the original. 

The ratio of the volume of material that would be required for 
the scale model to that required for the monument would be 


ma) 1/12 
>) 1/1728 
(c) 1/36 
(d) 1/144 
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The measure of the length of a rectangular solid is 7 feet,. the 
measure of its width is 3 feet and the measure of its height is 
4 feet. The area of its largest face would measure 


) 21 square feet 
) 28 square feet 
) 49 square feet 
) 84 square feet 
) 12 square feet 


Which of the following is not equivalent to the number one? 


fey 5 + 5 


(b) - & - 
oo) ( 

( 

( 


(d) 
(e) 


Which of the following is correct? 


me. = 3X 37K 3 X 3 
(bh) 4 = 3X 3X 3X3 
(c) 22 = 2 3 

(d) ote yt 5 
(e) 3 AY at ye 


In the figure to the right below, line segment AB is made up of 
points 


YY 
{ 


(a) that are on both line segment 
CB and line segment BD 

(b) that are on both line segment 
AC and line segment AD 


(c) that are on both triangle ABC Ceik ee A D 
and triangle ABD : 
(d) A and B 


(e) that are on both line segment CA and line segment CB 


A rectangular playground measures 150 feet long by 50 feet 
Wide. A fence is to be put around the two short sides and one 
long side of the playground, What would be the total cost of 
the fence at $3 per foot? 


(a) $1200 
(b) $1050 
(c) $300 
(d) $900 


(e) $750 
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Twenty-seven cubes with one inch edges could be used to make 


Ve 


(a) Bpeenee © cube 27 inches high, 27 inches long, 27 inches 
wide 

(b) a single cube 9 inches high, 9 inches long, 9 inches wide 

(c) a rectangular solid 1 inch high, 25 inches long, 1 inch 
wide 

(d) a single cube 3 inches high, 3 inches long, 3 inches wide 

(e) a rectangular solid 10 inches high, 10 inches long, 7 
inches wide 


Which of the following means the same thing as x = a + b, in 
which a, b and x represent numbers other than zero? 


(a) bX x= a 
foe) a Xyx-= b 
(ec) xt be=a 
mis X= Det a 
(e) berex=a 


Which of the following represents the largest number? 


Memes Yio + 14 xX 104+ 5 X 7 
(b) & X 10° +4 X 104+5X 1 

fy 3% 10° + 13 X 10 + 25 X1 
(4) & X 107+ 3X 10+15X 1 
wos ol X 10° reese oo Ge Xx 


' The best description of the set of points that lie both on 
line segment AB and on triangle ABD is 


fa) point B ] 

(b) point A 

(c) line segment AD / 

(d) line segment BD C 4 D 
(e) line segment AB 

A 


merry-go-round has three rows of horses. The outer row is 
6 feet farther out than the inner row. If you sit on an 
outside horse, how much farther do you ride in one turn of 
the merry-go-round than if you sit on an inside horse? 


fa) 12srfeet 

(b) 6 feet 

(c) 6 feet 

(d) 12 feet 

(e) Cannot be calculated from the information given. 
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Axel measured the capacity of a tank to be 100 cubic units. 
Bert measured the tank's capacity using a different cubic 
unit, and he found it to be 10 cubic units. Bert's cubic 


mit Was .... the size of the cubic unit 
Axel used. 


(a) one tenth 

(b) one hundred times 
(c) one hundredth 

(d) one thousand times 
(e) ten times 


If the replacement for "n" is always an odd number, then 
a i 


(a) always odd 

(b) always divisible by 7 

(c) any one of the natural numbers (counting numbers or zero) 
(d) always even 

(e) always less than 8 


10° x 103 = 
(a) 10X% 10X10 X10 X 10 
(b) 10/ 

(ce) 10X10 X 10 X 102 

(a) 10'2 


ery. 10. X010-X%,.10:X%.10 X 10 


In which of the following figures is the shaded region only 
that area that is in both the exterior of the smaller circle 
and the interior of the larger circle. 


(a) - (b) (ce) 


rg 


Beterts. eh or (0) yey, 


7) mdf 
r eZ 
I have "a" dollars. If I spend one-half of that amount, I will 
have less than seven dollars left. Which of the statements 


below describes this situation? 


‘(a) 2a is greater than 7 
Bt b) ta = 19 
“({c) a - $a is greater than 7 


(d) a - $a is less than 7 
(e) a is greater than 14 
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If both the length and width of a rectangular solid are 
doubled and the height is halved, the volume of the new 
solid is 


(a) unchanged 

(b) one-half that of the original solid 
(c) twice that of the original solid 

(d) four times that of the original solid 
(e) eight times that of the original solid 


mer a positive integer. is multiplied by a positive: integer, 
the result is 


(a) always even 

(b) always odd 

(c) always a positive integer 
(d) never a positive integer 
(e) sometimes a fraction 


10? + 10° = 
(a) 1022 
eax. 10 KX 10 X 10 

fe). 10° 

fm) 40.¥ 10 

(e) 103 


In the figure to the right below, the best description of 
all the points that are both on line segment BC and on the 
circle a 


) is line segment BC roe 

) ais line segment AC ie 

fy ts point’ ’B ale 
meas point C \ , 
) are points.A and C : 


If a speed of 38 miles per hour is equivalent to a speed of 
33 knots, which of the following statements would enable one 
to convert a speed in miles per hour to knots ('m' represents 
the number of miles per hour, and "k" represents the 
equivalent number of knots)? 


(a) 38m = 33k 
(b) 


k 
m 
(c) : 5 
or: 
(a) #2 = 4 
(e) m 
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6. A design is to be made by pasting coloured 2 inch by 2 inch 
squares side by side to cover an 8 inch by 12 inch rectangular 


area. How many 2 inch by 2 inch squares would be needed? 


fa) 20 
(b) 24 
(c) 48 
Pay 616 
(e) 96 
7+ 2( 3) = 
ii 
ay 27 
fe) °° 13 
(a) 6 
fe) "2 


map 6565 
(b) 5,472 
(c) 54.7 
(d) 54,720 
(e) 547 


. if the radius of a circle is doubled, the area enclosed by 
the newly formed circle is 


(a) unchanged 

(b) one-half that enclosed by the original circle 
(c) twice that enclosed by the original circle 

(d) four times that enclosed by the original circle 
(e) eight times that enclosed by the original circle 


» You are "x" years old and my age is twice yours. In three 
years the sum of our ages will be 27 years. Which 
mathematical sentence below represents this situation? 


Be) 2x + x = 27 
BO) Ox +x = 24 
mee Cox -- 3) + (x + 3) = 27 
meet x = 3) + (2x = 3) = 27 
wep (x + 3) + (2x + 3) = 27 
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The rectangular solid to the right below is made up of a 
number of cubes having equal volumes. If the volume of 
ene rectangular solid is 7 cubic units, what’ is the 
volume of each of the cubes? 


(a) 28 cubic units 


(b) = cubic units 
(c) = cubic units 
(d) = cubic units 
(e) < cubic units 


If a, b and c represent numbers, which of the following 
statements is false? 


(a) For any two specific numbers, a and b, only one of the 
following can be true: a is less than b, a = b, a is 
greater than b. 

(b) If a is less than b and b is less than c, then a 
must be less than c. 

(c) If a is less than b and b is greater than c, then a 
must be less than c. 

(d) If a is less than b, then a + c must be less than bc. 

(e) If a is less than b and c is greater than 0, then a Xc 
must be less than b X c. 


Which of the following procedures would give you the correct 
product for 356 X 742°? 


(a) Add the products: 356 X 23 356 X 43 356 X 7 

(b) Add the products: 356 X 73 356 X 403 356 X 200 

(c) Add the products: 742 X 6; 742 X 5; 742 X 3 

(d) Add the products: 742 X 6; 742 X 563 742 X 300 

(e) Add the products: 742 X 300; 742 X 503 742 X 6 

The distance between points A and B in the diagram below 


may) is 4 units 

me)).4is 3 units 

(ec) is 25 units 

my is 5 units 

(e) cannot be determined 
without using a ruler, om ; 
straight edge or pair of compasses, = we 0 Sd 
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mene current of a stream has a rate of "r"'miles per hour. A 
motor boat goes downstream 10 miles per hour faster than the 
rate of the current. If the boat's speed downstream is 25 
miles per hour, which mathematical statement below could be 
used to describe this situation? 


, The volume of the figure to the right below 


may is 3 cubic feet bea iz ee 

(b) is 9 cubic feet "hen AS es atl Pe eeeNeees iy 

Peeesoiicublesieet: (T_T ») sections 3 square 

my) 61s 27 cubic feet rr Saat ; 

aay cannot be calculated =" — ' 
from the information given. 


J, Consider the following: 
0.73 + 0.8% = (yam X 73) + (Gog X BH) 
ele: 
= Tree + 84) 


| Which of the following properties of a number system has 
been used in the steps shown above? 


—o a+b= b+ta 


me 4+ (b+c) = (a+b) +e 
(d) a(bc) = (ab)c 
(e) ab+ ac = a(b+ c) 


"2 1 Be 3% Aen Lhe 
mr 10 means 75> Y 46 and 10 ~ means 76 X10 X10? then 


| 10 2 4 10 3 = : 
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(a) Toys 
(b) 10? 
| (ec) —k 
| 10.? 
} (@) 10 9 
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Which of the following statements about the figure below 
ms false? 


(a) Angle EKJ is adjacent to /3 
angle JKF. P 
(b) Angle KLH is adjacent to ne eee 
angle HLM. 
(c) Angle FKL is adjacent to 
angle JKE. CG f H 
(d) Angle GLK is adjacent to +- pete 
angle KLH. ¥ 
fe) Angle EKJ is adjacent to aly 
angle EKL. 


met "x" dollars is the cost per yard of a certain cloth, ten 
yards of cloth costs more than 12 dollars. Which statement 
below could be used to describe this situation? 


fe) 10x is greater than 12 
(b). x +.10 is greater than 12 
fo). x is greater than 12 

(d) 10/x is greater than 12 
(e) x/10 is greater than 12 


ihe measure of the width of a sand box is 3 feet and the 
measure of its length is 4 feet. How many cubic feet of 
sand would be needed to fill the box to a depth of 10 
inches? 


(a) 12 

Bp) 10 

(ec) 144 

(d) 120 

(e) 1440 

Which of the following does not depend on the idea that 


a+ a= 0? 
mee bt b= 0 
Sa 

(4d) O+ b= 4 

(e) 36 + 6(76) = 0 
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Consider a numeration system in which only the following 
Symbols are used: $ is 0,.% 1s 1, ¢ is 2, & is 3. Which of 
the choices below would be the next three numerals in the 
sequence: 


h, ty & BH, 2%, Se, a, oh, .... 


t¢| | Bo sit i i 
Referring to the diagram to the joie pole EBs Oso 
right and counting "a" units 2 sis aa: cae oe 
horizontally from the origin and fed et | pein. an 
then "b' units vertically, for im Jokes 


which of the following number ‘TOPibih - 
replacements for "a" and "pb!" 


a. 
would you locate int tA 
line A? a tas es fel heal WP de 


it : a Ss 
ma = 2, b= 3 “mi 2 aE ale 4 * 
(bo) a= 72, d= 74 otal abl @ 
rc) = ca b = es ie ' i + 
_ aE — = 
Bare iis b= oz & cae 
far a= T, b= “2 | | | ! 


In my pocket I have $3.90. If "n" represents the number of 
nickels I have and I have three times as many dimes as I have 
nickels and six more quarters than nickels, which of the 
following mathematical statements could be used to describe 
the situation? 


Ca) n+ 3n + n+ 6 = 390 


oay 5n ‘+ G = 390 

(ec) 5n + 10(3n) + 25(n + 6) = 390 
(d) 5n + 10n + 25n + 6 = 390 

(e) 5n + 10(3n) + 25(6n) = 390 


Suppose that a line segment is measured with Scale A and then 
with Scale B. The ratio of the number of "A" scale units 

to the number of "B" scale units that would be used in making 
the measurements is 


i 

3) ait iS nice scale unit 
et ae Seale A 

fe) 5/6 Seale B 


| 


> "BY" scale unit 


wT tees eo ae ice etetto sae mol yitag 


pt tena arn 


; 
eee age. 


gafwelic ef3 wine fede af eg aye Hots Steam B. * apes 
to rors Pt i af & ss BE wt a OF eA 4 ;oegs OTH. bo f 
aid wt clewean seaae oxen eas ae Kisow wofed eerie . 


eee i ae att of wetgelb eny oF BOs 
5 ES er eee Fe at atian "es" gaitanoo bis 3 


o 
ui 
* 


rugs a tel ict ,vtieotitev eving 
4 “4 a E tan “4 Wels gue ne Sits Oe ZOOL LOT atid wo f 


aa ran aie aan nen “gt foe "g* 90% ginemenmae 

“+ ~ in us a i “ A wank i a eee fic ee . A Bs 8 at seo! 10% pee 
“o bt oe et awe ae my Prins aes ” tesco Seebandniae ce - 7 & 

rh & 3 : Ly ‘ oa : in of ae awe &e 


Pps pe here eee saan oof cing 


*% 


f #@ 
Alon « a 
: oe oe yo 
t i : pene See _ os 
a sho ee eign ie 
SAB ee ee ee ih Ay 


v5 
5 a 


Le ett ebaecerqst "n" ll Aenea ayaa e 

surn I oe Sonth enem ea gemis s0cn2 ‘eed i baw even 1: es é 
ard to uciew ,efecdoin sent siedcapp diem ate fae: 
1siek of Been ad Bblboo ataemetare saiainidienc 3 ive 
ino 


* 
- 
ete 


@ 
se a mas ah 
te § Ye ee & r Ma } res a a { 
Ge, ag ACS 
gor = ineieg + f 


nat bea # efease cidiw teuweced |b ‘tem,32 ent 
to todman até Zo oided oat A 
abides ci bern ad blac tel? 2fine efece "2" Foo 

ai Bae 


Ts 
a on ta. | 
Bae eae Pg 
t e i i iy fiir 
% ee ab ORS pat tegl ' 


stn ssregrrn cine et 


x * ¥ 
al 7 os bios 
r a | i ey S Hails © 


a ihe . ES. pale 
Sine sigan ME ee 


169 
(715;) 


If “6 + 6 = 0 and 6 + |~3(72)] = 0, then ~3(72) must be 
equivalent to ; . 


(a) 6 
ms) 6 
Be) (005 
my 5 
fe) O 


In the numeral 632, the 6 represents a value that is 


twice the value represented by the 3 

three times the value represented by the 2 
twenty times the value represented by the 3 
thirty times the value represented by the 2 

two hundred times the value represented by the 3 
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Which of the following statements is false? 


(a) A circle with measurable radius can be drawn through 
any three points. 

(b) A line segment can intersect a circle at one point, 
two points, or not at all. 

(c) A line segment drawn through the center of a circle 
and having its end points on the circle is called a 
diameter of the circle. 

(d) All of the points that make up a circle are at equal 
distances from the center of the circle. 

(e) The interior of a circle does not include the circle. 


Given the statement: 3a = 4b, consider which of the following 
Situations this statement could represent. 
(1) My salary quadrupled is matched by Jack's salary 
’ tripled, 
(2) There are four more bananas when the number of 
apples is increased by three. 
(3) The perimeters of an equilateral triangle and a 
Square have equal measures, 
(4) Three times a certain number is equal to four times 
another number, 


3a = +> could represent 


(a) All four situations described above. 
(b) Only (1), (3) and (4) 

Be) Only (2), (3) and (4) 

(d) Only (2) 

(e) Only (4) 
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71. A square, a rectangle and an eqilateral triangle have equal 
perimeter measures. Which of the following statements about 
them is true? 


(a) The square and the rectangle enclose equal areas. 

(b) The square and the triangle enclose equal areas. 

(c) The area enclosed by the triangle is one-half that 
enclosed by the rectangle, 

(d) The area enclosed by the Square is greater than that 
enclosed by either of the other two figures. 

(e) The area enclosed by the rectangle is greater than that 
enclosed by either of the other two figures. 


If the symbols @, #, $, % represent numbers arranged in order 
from smallest to largest, which of the following statements 
is true? 


(a) $ represents a number larger than @ does but smaller 
than # does. 

(b) # represents a number smaller than % does but larger 
than @ does. 

(c) @ represents a number smaller than % does but larger 
than # does. 

(d) % represents a number larger than $ does but smaller 
than # does. 

(e) @ represents a number smaller than # does but larger 
than $ does. 


Imagine a place where the inhabitants have only 6 fingers 
altogether. so that they use six in their system of numeration 
mus. as we use 10 in ours, For instance, to them "23" 

means 2 groups of 6 and 3 units. What numeral would be used 
in such a system to represent the number of marks in the 

set to the right below? 


fa) 23 ke A ok oe 
oy) 2 ee, oe ee 
(ec) 33 kk oe oe 
(d) 43 a ae 
(e) 29 
In the figure below, the measure of line segment BC 
ee aie 
(a) is 4 inches ae 
(b) is 3 inches , —=i0 60°) 60°\, 
(c) is 5 inches C 
(d) is 4% inches Line Segment Measure 
(e) cannot be determined AB 6 inches 
from the information DE 6 inches 


given. AD 9 inches 
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An increase of 20% in Mr. Jones! present income (''m'' dollars 
per month) would give him an income of $300.00 per month. 
Which of the following statements would enable you to find 
his correct present monthly income? 


(a) =H. = 
300 100 

(p) 300 = ise 

= aes 770 

(a) (305 = 450 


fe) fet PO-= 300 
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The measure of angle BAC is approximately 


Cry AB 
(a) 65° ergot 
105° Ae Naka £8 
(b) ; uh 120° /60" > 
rH e fae eae / 30°\ 
[_ ee A 
aie Se 


If a positive integer is multiplied by a positive integer, 
the result is 


(a) always even 

(b) always odd 

(c) always a positive integer 
(d) never a positive integer 
(e) sometimes a fraction 


10' X 103 = 
(a) 10 X 10X10 YX 10 X 10 X 10 
(b) 10¢ 

(ec) 10X10 X 10 X 103 

(a) 10'¢ 


popeedO X 10 X 10 X 10 X 10 


If the measure of one angle of a scalene triangle is 40 
degrees, which of the following statements is always true? 


a) The measure of one of the other angles is 90 degrees. 

b) The measure of one of the other angles is 40 degrees. 

c) The sum of the measures of the other two angles is 140 
degrees, 

) Two of the sides have equal measures. 

) The measure of one of the other angles is 140 degrees, 


( 
( 
( 
(d 
(e 
if’ "xtedollars is the cost per yard of a certain cloth, ten 


yards of cloth costs more than 12 dollars. Which statement 
below could be used to describe this situation? 


(a) 10x is greater than 12 
(b) x + 10 is greater than 12 
(c) x is greater than 12 

(d) 10/x is greater than 12 
(e) x/10O is greater than 12 
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A design is to be made by pasting coloured 2 inch by 2 inch 
squares side by side to cover an 8 inch by 12 inch rectangular 
area. How many 2 inch by 2 inch squares would be needed? 


Ca) 20 
(b) ob 
(c) 48 
(d) 16 
(e) 96 


In which of the following is 36 completely factored (expressed 
as the product of primes)? 


tay) Bey 'S 

ay ee yp 4, Xx 6 

aor 5X +2 

(d) 2X (9 + 9) 
eaten te fy xX 3 
About how many tens are there in 5472? 
bay 9.5 

(b) 5,472 

a ay, 

(d) 54,720 

(e) 547 


In the figure to the right below, line segment AB is made up of 
points 


(a) that are on both line segment 
CB and line segment BD 

(b) that are on both line segment 
AC and line segment AD 

(c) that are on both triangle ABC 
and triangle ABD 

(d) <A and B 

(e) that are on both line segment CA and line segment CB 


A father is nine times as old as his son. If the son is now 
"n" years old, how old will the father be in 8 years? 


9n + 8 years 
9(n + 8) years 
n+ 8 years 
n+ 9(8) years 
Qn years 
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If both the length and the width of a rectangular solid are 
anit and the height is halve: the volume of the new 
sol Ss 


(a) that of the original solid 

(b) one-half that of the original solid 
(c) twice that of the original solid 

(d) four times that of the original solid 
(e) eight times that of the original solid 


If a, b and c represent numbers, which of the following is 
not correct? 


b + ac 

=(a+b) +e 

= (a + b) X (a + @c) 
a 


Which of the following represents the largest number? 


(a) 3X 10° +14 X 1045 X14 
(ei) OCeX 105 # eX Oot 5 YX 1 
(c) & X 10° + 3X 10415 X1 
fay BexXviOs + 23% 10+ 5% 1 
(e) 3X 10° +13X 10+ 25 X1 


In which of the following figures is the shaded region only 
that area that is in both the exterior of the smaller circle 
and the interior of the larger circle? 
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The current of a stream has a rate of "r" miles per hour. A 
motor boat goes downstream 10 miles per hour faster than the 
rate of the current. If the boat's speed downstream is 25 
miles per hour, which mathematical statement below could be 
used to describe this situation? 


fa) r/10 = 2.5 
(b) 10/r = 25 
(ce) r+10= 25 
tas, of «10 = 25 
(e) 10r = 25 
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The measure of the length of a rectangular solid is 7 feet, the 
measure of its width is 3 feet and the measure of its height is 
feet. The area of its largest face would measure 


(a) 21 square feet 
(b) 28 square feet 
(c) 49 square feet 
(ad) 84 square feet 
(e) 12 square feet 


LE ci replacement for "n" is always an odd number, then 
i ey is 


(a) always odd 

(b) always divisible by 7 

(c) any one of the natural numbers (counting numbers or zero) 
(d) always even 

(e) always less than 8 


10? + 10° = , 
(a) 1022 

rue 108% 10.X 10 X 10 

(c) 10/ 

eae OlX V0 

(e) 102 


Which of the following statements does not supply enough 
information for one to conclude that the geometric figures 
referred to are congruent. 


(a) The figures could be put together so that the points 
making up one figure would occupy exactly the same 
positions as the points making up the other figure. 

(b) All corresponding parts of the figures have equal measures. 

(c) All corresponding parts of the figures are congruent. 

(d) The figures enclose exactly equal area measures. 

(e) The figures have exactly the same size and shape. 


You are "x" years old and my age is twice yours. In three 
years the sum of our ages will be 27 years. Which mathematical 
sentence below represents this situation? 


Cad V2y + x-=.99 
ioe 2k + XK = 

Poy abex = 3) + (x14 3) = 27 
Sa oe = 64) + Cex = 3) = 27 
(e) (x + 3) + (2x + 3) = 27 
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The rectangular solid to the right below is made up of a 
number of cubes having equal volumes. If the volume of 
the rectangular solid is 7 cubic units, what is the 
volume of each of the cubes? 

(a) 28 cubic units 


(b) 
(c) 


cubic units 


cubic units | 
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(da) cubic units | 
(e) cubic units eee 
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If N represents any natural number (counting number or zero), 
which of the following will always represent an odd number? 


(a) N 

(bob) N+ 1 

(c) N+ 2 

(d) 2N+ 2 
(e) ON +1 


Which of the following statements about the figure to the 
right below is false? 


Cay Angle EKJ is adjacent to 
angle JKF. 

(b) Angle KLH is adjacent to 
angle HLM. 

(c) Angle FKL is adjacent to 
angle JKE. 

(d) Angle GLK is adjacent to 
angle KLH. 

(e) Angle EKJ is adjacent to 
angle EKL. 
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25. Given the statement: 3a = 4b, consider which of the following 
situations this statement could represent. 
(1) My salary quadrupled is matched by Jack's salary 
tripled. 
(2) There are four more bananas when the number of 
apples is increased by three. 
(3) The measures of the perimeters of an equilateral 
triangle and a square are equal. 
(+) Three times a certain number is equal to four times 
another number. 


3a = 4b could represent 


(a) all four situations described above. 
(b) only (1), (3) and (4) 

(GlgeouLy Ve), (3) and (+) 

(d) only (2) 

(Ce) only (+) 


26. Twenty-seven cubes with one inch edges could be used to make 


(a) a single cube 27 inches high, 27 inches long, 27 inches 
wide 

(b) a single cube 9 inches high, 9 inches long, 9 inches wide 

(c) a rectangular solid 1 inch high, 25 inches long, 1 inch 
wide 

(d) a single cube 3 inches high, 3 inches long, 3 inches wide 

(e) a rectangular solid 10 inches high, 10 inches long, 7 
inches wide 


27. If the symbols @, #, $, % represent numbers arranged in order 
from smallest to largest, which of the following statements 
is true? 


(a) $ represents a number larger than @ does but smaller 
than # does. 

(b) # represents a number smaller than % does but larger 
than @ does. 

(c) @ represents a number smaller than % does but larger 
than # does. 

(d) % represents a number larger than {§ does but smaller 
than # does. 

(e) @ represents a number smaller than # does but larger 
than $ does. 


28. Which of the following procedures would give you the correct 
product for 356 X 742? 


(a) Add the products: 356 X 2; 356 X +3 356 X 

(b) Add the products: 356 X 7; 356 X 40; 356 X 200 
(ec) Add the products: 742 X 63 742 X 53 742 X 3 
(a) Add the products: 742 X 6; 742 X 56; 742 x 300 
(e) Add the products: 742 X 300; 742 X 50; 742 X 6 
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29. If the radius of a circle is doubled, the area enclosed by 
the newly formed circle is 


(a) equal to that enclosed by the original circle 
(b) one-half that enclosed by the original circle 
(c) twice that enclosed by the original circle 

(d) four times that enclosed by the original circle 
(e) eight times that enclosed by the original circle 


30. Which of the diagrams below best illustrates the set of real 
numbers that could be used as replacements for "x" to 
make a true statement of "2x + 1 is less than 3''? 
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31. Suppose that a line segment is measured with Scale A and then 
with Scale B. The ratio of the number of "A" scale units 
to the number of "B' scale units that would be used in making 


the measurements is 
ec) eee scale unit 


(a) 3/4 

a Ys Scale A 
(d) 4/5 Scale B |. 
(e) 5/6 | 


a4 "BY" scale unit 
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If a, b and c represent numbers, which of the following 
statements is false? 


(a) 


(b) 
(c) 


(d) 
(e) 


Imagine a 


For any two specific numbers, a and b, only one of the 
following can be true: a is less than b, a = b, a is 


greater 
i? 4s is 
be less 
tea Ss 
must be 
i es en 
Raye Me ee) 
must be 


than b 


less 
than 
less 
less 
less 
less 
less 


than 
Cs 

than 
than 
than 
than 
than 


b and bis less than c, then a must 


b and b is greater than c, then a 

Cs 

b, then a + c must be less than b+ ec. 
b and c is greater than 0, then a X c 
bx a, 


place where the inhabitants have only 6 fingers 


altogether so that they use six in their system of numeration 
Just as we use ten in ours. For instance, to them "23" 

means 2 groups of 6 and 3 units. What numeral would be used 
in such a system to represent the number of marks in the 


set 


to the right below? 


* *K * * * * 
* K * * K *K 
* * * * > * 
*K * * 


the parallelogram shown at the right below 


found by adding 3 and 4 yt 
found by multiplying 3 


3° 


found by multiplying 3 
by 4 and dividing the product 


can be found by multiplying (3 + 4+) by $ 
cannot be found from the information given 


(a) 33 

fb) 23 

(ec) 21 

(ad) 43 

(e) 29 

The area of 

(a) can be 

(b) can be 
by 4 

(c) can be 
by 2 

(d) 

(e) 

If a speed 

33 knots, 


to convert 
the number 
equivalent 


(a) 
(b) 


(c) 
(d) 
(e) 
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of 38 miles per hour is equivalent to a speed of 
which of the following statements would enable one 
a speed in miles per hour to knots ("m" represents 
of miles per hour, and "k" represents the 

number of knots)? 
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36. The measure of the width of a sand box is 3 feet and the 
measure of its length is 4 feet. How many cubic feet of 
sand would be needed to fill the box to a depth of 10 


inches? 
Ugae be 
(b) 10 
(c) 144 
(ad) 120 
(e) i44o 


37. Consider the following: 
0.73 + 0.84 = (Fo5 X73) + (aq X 84) 


lean | 
= eae + 84) 


Which of the following properties of a number system has 
been used in the steps shown above? 


38. Consider a numeration system in which only the following 
symbols are used: $ is 0, 4 is 1, ¢ is 2, & is 3. Which of 
the choices below would be the next three numerals in the 


sequence: 
% gs &, De y LD y Lg , T&S y Ch, | Vom Sam. 


39. Which of the following statements is false? 


(a) A circle with measurable radius can be drawn through 
any three points. 

(b) A line segment can intersect a circle at one point, 
two points, or not at all. 

(c) A line segment drawn through the center of a circle 
and having its end points on the circle is called a 
diameter of the circle. 

(d) All of the points that make up a circle are at equal 
distances from the center of the circle. 

(e) The interior of a circle does not include the circle, 
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In my pocket I have $3.90. If "n" represents the number of 
nickels I have and I have three times as many dimes as I have 
nickels, and six more quarters than nickels, which of the 
following mathematical statements could be used to describe 


the 


situation? 


Net 3nfn+6= 3 
5n + 6 = 390 


90 


5n + 10(3n) + 25(n + 6) = 390 


5n + 10n + 25n + 6 


S390 


5n + 10(3n) + 25(6n) = 390 


If the measurement of the length of a line segment is 


recorded as 28 inches, it is assumed that the true measure of 
the length of the line segment 


(a) 
(b) 
(c) 
(da) 
(e) 


is 28 inches 

could be as small 
could be as small 
could be as small 


could be as small 


Which of the following 
which a, b and x repres 


as 25 inches or as large as at inches 
as 2h inches or as large as 23 inches 
as oes inches or as large as aah inches 
as on inches or as large as one inches 


means the same thing as x = a = by, in 
ent numbers other than zero? 


numeral 632, the 6 represents a value that is 


twice the value represented by the 3 


lue represented by the 2 


twenty times the value represented by the 3 
thirty times the value represented by the 2 


Vata nu Ax = -a 

Cb) aX x =_b 

‘sig ae ie ot EN Ye — a 

(4) x'=S4b £ a 

be) We x42 2 

In the 

(a) 

(b) three times the va 
Lc) 

(da) 

(e) two hundred times 


the value represented by the 3 


In the figure to the right below, the best description of 
all the points that are both on line segment BC and on the 


circle 

(a) is line segment BC 
(b) is line segment AC 
(c) is point, B 

fd) ids point Cc 

(e) are points A and C 
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An increase of 20% in Mr. Jones' present income ("m'" dollars 


per 


month) would give him an income of $300.00 per month. 


Which of the following statements would enable you to find 


his 
(a) 
(b) 
(c) 
(da) 


(e) 
The 


correct present monthly income? 


Elie 20 <c0- 

300 100 

300 _ 120 

m 100 

sUU =m 2b 

300 100 

fie ~ al 20 

A00° 4.10 

m+ 20 = 300 


measures of the perimeters of a square, a rectangle and 


an equilateral triangle are equal. Which of the following 
statements about them is true? 


(a) 


The area enclosed by the square is greater than that 
enclosed by either of the other two figures. 

The square and the rectangle enclose equal areas. 

The square and the triangle enclose equal areas. 

The area enclosed by the triangle is one-half that 
enclosed by the rectangle. 

The area enclosed by the rectangle is greater than that 
enclosed by either of the other two figures. 


Which of the following does not depend on the idea that 
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Suppose that a sculptor wants to make a scale model of a 
monument by reducing each measurement to 1/12 that of the 
original. The ratio of the volume of material that would 
be required for the scale model to that required for the 
monument would be 


(ao. 1 Ae 
Ch) 24/28 
a) 1/36 
(d) 1/144 
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DATA FOR CALCULATION OF RELIABILITY INDEX 
FOR FINAL FORM OF SMU TEST 
FROM MARCH, 1964 TESTING 


Proportion of Proportionioft 
Sample that Sample that 
Item Answered Item Item Answered Item 
Number Correctly Number Correctly 
g Do g Py 

i 4-768 26 2003 
2 .6970 27 6837 
3 .6920 28 24304 
re 4519 29 74169 
5 5447 30 . 3807 
6 25165 31 .2814 
a 7086 32 - 3990 
8 6771 a8 4205 
9 5231 34 3228 
10 6374 35 L470 
11 3460 36 144.0 
12 5132 a7 A725 
13 4569 38 3824 
14, 5281 39 3559 
15 4900 LO hr? 
16 ‘3592 Li 0894 
vy 6672 42 S12 
18 5678 43 2847 
19 3145 Ly 0778 
20 3675 5 1672 
dg A427 L6 1258 
22 24.83 L.7 2069 
23 5811 4.8 1639 
a 4354 49 Nae 
25 2913 50 5960 


Number of Items, K = 50 


Test Score Variance, sa = 5551163 
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RAW SCORES FOR ALL STUDENTS 


Beginning on the following page, the scores obtained 


by the Seeing Through Mathematics students are listed. 


The symbols heading the columns are to be interpreted 


ae ole ows? 


AC 
PS 
Vv 


Q 


SMU 
AC 
as) 

TOT 


ID 


(Column 1): 
(Column 2): 
(Column 3): 
(Column +): 


(Column 5): 
(Column 6): 
(Column 7) 
(Column 8): 
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SUMMARY OF ANALYSES OF VARIANCE OF SEPTEMBER TEST SCORES 
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ANALYSIS OF VARIANCE: 
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ANALYSIS OF VARIANCE: SEPTEMBER AC SCORES 
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CHI SQUARE TEST ON CELL FREQUENCIES 
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COMPUTATIONAL FORMULAS FOR TWO-WAY UNWEIGHTED MEANS 
ANALYSES OF VARIANCE AND ANALYSIS OF COVARIANCE 


Definition of Symbols 


. . - _ 
Harmonic mean of cell frequencies, = Sa 


p q 1 
Pe as 
j=1 k=1 73 
ose. 5 
AB. is the covariate mean for cell jk. 
jk 
AB is the criterion mean for cell jk. 
jk 
pee e, Do TAB. Gf= Sa SAB 
a Tk jk J 7 ie T3k 
fs 2 pa AB By a 21 AB, 
J k jk k j jk 
Programs: — = BS hy Ay = BP ay 
Ability Levels: Biss = SSy. Boy i SS yy 
Interaction: AB, = SS py AB Ly < SS apy 
Grrois Ey = SS. my By = SS wrHy 


A! B! AB! and E! represent the sums of 
Sue vy Oo ayy ©? yy 
squares for the criterion adjusted for the effect of the 


covariate. 
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Computational Formulas 
(Adaptation from Winer, pp. 241-244 and p. 605.) 
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Variance Terms 
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Covariance Terms 
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SUMMARY OF ANALYSES OF VARIANCE ON COVARIATE AND CRITERION 
FOR ANALYSIS OF COVARIANCE 


SOURCE 


A 

B 

AB 
WITHIN 


SOURCE 


A 
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AB 
WITHIN 


ON MARCH AC SCORES 


ANALYSIS OF VARIANCE: SEPTEMBER AC SCORES 


SS df MS F 
1,104.01 2 552.01 17.50 
18,473.21 2 9,236.60 202.70 
16.27 y 2007 0.92 
18,787.97 595 cyl ts 


ANALYSIS OF VARIANCE: MARCH AC SCORES 
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